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ABSTRACT
The purpose o f  th is  study was to  determ ine th e  e f fe c t  o f 
extended p ra c tic e  sessions on th e  in te r - re la t io n s h ip  o f a b i l i t i e s  
involved in  th e  performance o f th ree  gross motor ta s k s . A secondary 
purpose was to  determine performance tren d s during extended p ra c tic e  
fo r  su b jec ts  having d if fe re n t  le v e ls  o f i n i t i a l  a b i l i ty  in  a ta s k .
E ighty college women p a r tic ip a te d  as vo lun teer su b jec ts  in  the  
study, which was conducted during the  l a s t  four weeks o f th e  f a l l  
sem ester and the  f i r s t  s ix  weeks of th e  spring  sem ester o f the 1967-68 
academic y ear a t Louisiana S ta te  U n iversity .
Each subject met w ith th e  In v e s tig a to r  on s ix  separa te  occasions 
and during th e  t o ta l  o f s ix  m eetings th e  sub ject performed a t o t a l  of 
tw enty-five  t r i a l s  of each of th ree  gross motor ta sk s  which involved 
th e  basic  s k i l l s  o f throwing fo r  speed and accuracy, h i t t in g  fo r  speed 
and accuracy, and k ick ing  fo r  speed and accuracy.
The d a ta  c o llec ted  included tw en ty -five  scores fo r  each sub ject 
on each of th re e  ta s k s . The t o t a l  group o f e igh ty  su b jec ts  was also  
broken down in to  fou r a b i l i ty  groups fo r  a d d itio n a l a n a ly s is . These 
a b i l i ty  groups were determined on the  b asis  of i n i t i a l  performance 
which was computed by to ta l in g  th e  scores o f the  f i r s t  f iv e  t r i a l s  on 
each ta sk .
C orre la tion  c o e ff ic ie n ts  were computed among th e  th ree  ta sk s  a t  
various stages during th e  p ra c tic e  period  fo r  the  t o t a l  group of
x i
sub jects and fo r  th e  fou r a b i l i ty  groups in  each ta s k . C urv ilinear 
reg ression  a n a ly sis  was used to  determine th e  performance tren d s in  
each ta s k  fo r  th e  t o t a l  group and th e  various a b i l i ty  groups. M ultiple 
reg ress io n  a n a ly sis  was applied  to  th e  data  fo r  the  t o t a l  group to  
determine the e f fe c ts  of p ra c tic in g  th e  o ther two ta sk s  upon the  
performance in  each ta sk .
R esults ind ica ted  a low, but s ig n if ic a n t ,  re la tio n sh ip  among 
a l l  th re e  task s on the tw e n ty -f if th  t r i a l .  The re la tio n sh ip  among the  
th ree  ta sk s  was ch arac te rized  by ra d ic a l  changes in  th e  c o rre la tio n  
c o e ff ic ie n ts  from th e  f i r s t  to  the  l a s t  t r i a l .  The c o e ff ic ie n ts  
between throwing and k ick ing , and h i t t in g  and kicking  ind ica ted  
l i t t l e  re la tio n sh ip  during the  f i r s t  h a lf  o f th e  p ra c tic e  p erio d , 
with a change toward a h igher re la tio n sh ip  in  the  l a s t  h a lf .  The 
re la tio n sh ip  between throwing and h i t t in g  remained f a i r l y  c o n sis ten t 
throughout the p ra c tic e  p e riod . Regression an a ly sis  o f th e  d a ta  
re su lte d  in  performance curves which ind ica ted  th a t  su b jec ts  who were 
good in  one ta sk  tended to  make steady and co n sis ten t progress in  th e  
other two ta sk s . Performance curves fo r  sub jec ts  c la s s if ie d  as poor 
perform ers in  one task  revealed  th a t  they  appeared to  acquire  the  
other s k i l l s  w ith some d i f f ic u l ty .  M ultiple reg ress io n  an a ly sis  
ind icated  th a t p ra c tic e  o f the  o th er two ta sk s  con tribu ted  to  variance 
in performance o f the  th ird  ta sk . R e lia b i l i ty  c o e ff ic ie n ts  fo r  th e  
th ree  ta sk s  were .931 fo r  throwing, .910 fo r  h i t t in g ,  and .916 fo r  
k icking .
x i i
CHAPTER I
INTRODUCTION
Education, in  th e  a l l - in c lu s iv e  sense, has had a rem arkable 
tran sfo rm ation  through th e  decades o f  h is to ry . I t  seems safe  to  
conclude, however, th a t reg a rd le ss  o f  tim e and p la c e , be i t  th e  
Dame School o f  Colonial America or th e  computerized classroom o f  
th e  1960 's , agreement could  be ob tained  from th o se  involved th a t  
the  prim ary aim of the educa tional in s t i tu t io n  i s  to  promote 
lea rn in g  and th e  t ra n s fe r  o f  lea rn in g .
Our understanding o f  learn ing  has also undergone a transform a­
tio n  through th e  years and i t  was during  the  n in e tee n th  cen tu ry  th a t  
events occurred which determ ined th e  u ltim ate  shape th a t  t h i s  
tran sfo rm ation  would ta k e . Through th e  ideas and works of 
educators and philosophers such as Rousseau, P e s ta lo z z i, H erbert, 
and F roebelj and psycho log ists such a s  Wundt, Ebbinghaus, Thorndike 
and James, th e  foundations were la id  f o r  a road to  understanding o f 
th e  na tu re  and conditions o f  lea rn in g .
The progress of in v e s tig a tio n  in  th e  a rea  o f  learn ing  has 
been somewhat sporadic, w ith  some p e rio d s  of concen tra ted  ex p e ri­
m entation and o thers of l e s s  concern. The past te n  years have 
evidenced a resurgence o f  in te re s t  in  th e  problems involved in  
in d iv id u a l d iffe ren ces and in  the le a rn in g  p ro cess . I t  seems evident 
from th e  recen t l i t e r a tu r e  th a t ,  although no d r a s t ic a l ly  new id eas
a re  being expounded, th e re  i s  c e r ta in ly  a stro n g er r e a l iz a t io n  by 
th o se  concerned th a t  a re -e v a lu a tio n  of th e  problems i s  needed.
There were two recen t psychological conferences which bear 
w itness to  th e  app recia tion  o f lead ers  in  th a t  f ie ld  fo r  th e  need 
fo r  fu r th e r  study in  th e  a rea  of human le a rn in g . Both o f these  
conferences re su lte d  in  th e  p u b lic a tio n  o f papers which compile a 
va luab le  resource fo r th e  studen t of lea rn in g .
The f i r s t  o f th ese  conferences was th e  Symposium on the
Psychology o f  Human Learning held  a t  the U n iversity  o f  Michigan in
1962. In th e  p u b lica tio n  re s u l t in g  from t h i s  conference, F i t t s
po in ted  out th e  follow ing cu rren t concept concerning p e rcep tu a l-
motor s k i l l  lea rn in g :
F i r s t ,  th e  th e o re tic a l  framework w ith in  which s k il le d  
performance i s  now being viewed by most studen ts o f th i s  
to p ic  i s  such th a t  sharp d is t in c tio n s  between verba l and motor 
p rocesses, o r between cogn itive  and motor processes serve no 
u sefu l purpose. Second, since th e  p rocesses which underlie  
sk ille d  perceptual-m otor performance a re  very s im ila r  to  those  
which u n d erlie  language behavior as w ell as those which are  
involved in  problem so lv ing , and concept form ation, we should 
expect to  find  th a t  th e  laws o f lea rn in g  are  a lso  s im ila r , and 
th a t  no advantage would r e s u l t  from t r e a t in g  motor and v e rb a l 
lea rn ing  as separate  to p ic s .
The more recen t o f th e  two meetings was the  Conference on 
Learning and Ind iv idual D ifferences held a t  th e  Learning Research 
and Development Center, U n iversity  o f P ittsb u rg h  in  1965* In th e  
p u b lica tio n  from th is  conference, Fleishman explained th e  cu rren t
Paul M. F i t t s ,  "Perceptual-M otor S k i l l  L earn ing ,11 in 
C ategories o f Human Learning. A rthur W. Melton (ed .) (New York: 
Academic P ress , 1964) ,  p . 243*
\concept o f  " a b i l i t i e s "  as fo llow s:
The more t r a d i t io n a l  approach to  th e  study o f learn ing  has been 
in  stim ulus-response terms and has focused on the input and 
output aspec ts  of the  le a r n e r 's  behavior. There i s ,  however, 
an increasing  in te r e s t  in  th e  "m ediators" which in tervene 
between s tim u li and response. Our use o f th e  term a b i l i ty  i s  
c o n s is ten t w ith what i s  ty p ic a l ly  meant by a "m ediating 
process". Psychology i s  becoming in creas in g ly  concerned with 
such mediating processes o f behavior and, in  f a c t ,  th e  
d is t in c t io n  between stim ulus and response i s  le s s  c le a r  than i t  
form erly was. C erta in ly , th e re  i s  a transfo rm ation  th a t  goes 
on w ith in  th e  organism which r e s u l ts  in  s im ila r  responses to  
"d iffe re n t"  s tim u li and v ice  v e rsa .^
Because th e  phenomena o f lea rn in g  and th e  process by which 
in d iv id u a ls  acquire th e  s k i l l s  involved in  various ta sk s  a re  so 
complex, i t  i s  sometimes h e lp fu l to  go back and review th e  funda­
m ental concepts which have been developed through in v e s tig a tio n  
thus f a r .  According to  Gagne and Fleishman^ i t  a l l  o r ig in a te s  a t 
th e  junctu re  of h e red ity  and environment. Because of h e re d ita ry  
in flu en ces , in d iv id u a ls  commence l i f e  w ith some pre-determ ined 
p h y sio lo g ica l and b io lo g ic a l-d iffe re n c e s . The s tru c tu re  and function  
o f the  neu ro log ica l system, muscular system and sensory system can 
impose l im ita tio n s  on development. Most a u th o r i t ie s  seem to  agree, 
however, th a t  these  genetic  fa c to rs  p rim arily  f i x  lim itin g  conditions
oEdwin A. Fleishman, "Ind iv idua l D ifferences and Motor Learning," 
Learning and Ind iv idua l D ifferences, Robert M. Gagne (ed .) (Columbus, 
Ohio: Charles E. M e rr ill  Books, In c .,  1967), pp. 165-166.
3
^Robert M. Gagne and Edwin A. Fleishman, Psychology and Human 
Performance (New York: Henry Holt and Company, 1959), pp. 90-98.
and th a t  th ere  i s  s t i l l  a g rea t range o f v a r ia tio n  p o ss ib le  w ith in  
these  l im its .
Probably more im portant to  the  student of lea rn ing  are the  
environm ental fa c to rs  and th e i r  influence on in d iv id u a l lea rn ing  
a b i l i ty .  U nfortunately , th e  ro le  o f environm ental in fluences upon 
lea rn in g  a b i l i ty  is  not q u ite  so c le a rc u t; nor, i s  th e re  complete 
agreement among a u th o r i t ie s  as to  the  m an ifesta tion  of these 
in fluences in  observable or measurable human behavior. As Gagne 
and Fleishman explained the  ro le  of environm ental f a c to r s , people 
approach any given ta sk  w ith d if fe re n t  backgrounds o f s to red  
experiences which are a r e s u l t  of p a r t ic u la r  environm ental in flu en ces. 
As a r e s u l t  o f lea rn ing  th a t  occurs throughout h is  l i f e ,  th e  human 
ad u lt develops c e r ta in  c h a ra c te r is t ic s  o f behavior th a t  are  
s u b s ta n tia l ly  s ta b le  in  n a tu re . These c h a ra c te r is t ic s  o f behavior 
are re fe rre d  to  as a b i l i t i e s .  Although many sp e c if ic  s k i l l s  such 
as reading and w riting  comprise the  background o f s to re d  experiences, 
o th e r , more general a b i l i t i e s  are a lso  developed; fo r example, v e rb a l 
a b i l i ty  and reasoning a b i l i ty .  Because people d i f f e r  in  these  
a b i l i t i e s ,  i t  means th a t  one in d iv id u a l w i l l  le a rn  a new ta sk  w ith a 
d if fe re n t  f a c i l i t y  than  w il l  another in d iv id u a l. Each a b i l i ty  
u n d e rlies  a wide v a r ie ty  o f sp e c ific  performances and th ese  
performances are  re la te d  to  each o th e r in so fa r  as they  draw upon the  
common a b i l i ty .
One aspect o f the  lea rn in g  process which has not been
5conclusively  explained in  th e  past i s  th e  ro le  o f  t ra n s fe r  e f fe c ts  
upon th e  lea rn ing  o f  new s k i l l s .  In h is  c la s s ic  paper on lea rn in g  
and human a b i l i ty ,  Ferguson contended th a t  a l l  lea rn in g , w ith the  
exception of some which happens very e a r ly  in  l i f e ,  occurs w ith in  the  
context o f experience. He s ta te d  the  follow ing hypotheses to  explain  
h is  view point:
The f i r s t  i s  th a t ,  in  many ad u lt lea rn in g  s i tu a t io n s , th e  most 
im portant v a ria b le s  ex ertin g  t r a n s fe r  e f fe c ts  on subsequent 
learn ing  are th e  " a b i l i t i e s " —th e  p r io r  a cq u is itio n s  th a t  have 
a tta in e d  th e i r  l im it  o f performance.
. . .The second hypothesis concerns th e  way in  which overleam ed 
a c q u is itio n s , o r a b i l i t i e s ,  a f fe c t  subsequent lea rn in g . I t  i s  
th a t  such a b i l i t i e s  ex ert t h e i r  e f fe c t  d i f f e r e n t ia l ly  in  any 
lea rn in g  s itu a tio n ?  th a t  d if fe re n t a b i l i t i e s  exert d if fe re n t  
e f fe c ts  a t  d if fe re n t  s tages of le a rn in g , and th a t  the a b i l i t i e s  
which t r a n s fe r  and produce th e i r  e f fe c t  a t  one stage o f 
lea rn in g  may be d if fe re n t  from those which t r a n s fe r  and produce 
th e i r  e f fe c ts  a t  another s tage . This means th a t  ind iv idua l 
d iffe ren c e s  in  a b i l i t i e s  which may be fu n c tio n a lly  re la te d  to  
in d iv id u a l d iffe re n c e s  in  performance in  th e  e a rly  stages of 
lea rn in g  a ta s k ,  may not be fu n c tio n a lly  r e la te d , or may be 
re la te d  in  a d i f f e re n t  way, to  performance in  th e  l a t e r  s tag es .
An Im plication  of t h i s  hypothesis i s  th a t  an in d iv id u a l might 
possess the  a b i l i t i e s  to  perform a given a c t iv i ty  w ith a high 
degree o f p ro fic ien cy , but might lack  the  a b i l i t i e s  to  le a m  to  
perform th e  ta sk  tinder c e r ta in  sp ec ified  conditions o f lea rn in g . 
Likewise an in d iv id u a l might possess th e  a b i l i ty  to  improve 
ra p id ly  in  th e  ea rly  stages of le a rn in g , but might lack  the  
a b i l i t i e s  necessary  to  a t ta in  high p ro fic ien cy  a t  the stage o f 
high h ab itu a tio n  o r overlearn ing . The learn ing  of many motor 
a c t iv i t i e s  probably belongs in  t h i s  c la s s .^
The f ie ld  o f physica l education i s  p a r t ic u la r ly  concerned with 
gross motor le a rn in g . During the  p a s t t h i r t y  y e a rs , physica l 
educators have a lso  been searching fo r  so lu tio n s  to  th e  problems
^George A. Ferguson, "On Learning and Human A b ility ,"  Canadian 
Journal o f Psychology. V III (1954), 95-112.
involved in  the  learn ing  o f  motor s k i l l s .  Much o f the in v e s tig a tio n  
which has been done in motor learn ing  has c lo se ly  p a ra lle le d  th a t done 
in  m ental le a rn in g . The assumption upon which ea rly  s tu d ie s  were 
based was th a t an in d iv id u a l 's  ap titu d e  fo r  lea rn in g  and performing 
was approxim ately the  same fo r  a l l  types of motor ta sk s . The 
t r a d i t io n a l  viewpoint held  fo r  many years was th a t  fa c to rs  such as 
s tre n g th , a g i l i ty ,  speed, balance and power were basic determ iners 
o f a b i l i t y  to  perform  motor task s and th a t in d iv id u a ls  who possessed 
high degrees o f th ese  fa c to r s  would be able to  su ccessfu lly  learn 
any motor ta sk . I t  was a ls o  o r ig in a lly  assumed th a t  a genera l 
coord ination  a b i l i t y  could be developed through p a r t ic ip a tio n  in 
va rio u s physica l a c t iv i t i e s  and th a t  s k i l l s  learned  in  performing 
one type of ta sk  could be tra n s fe r re d  as an a id  in  lea rn in g  a new, 
d if fe re n t  ta sk . The concept th a t th e re  was a general f a c to r  or 
fa c to rs  underlying a b i l i ty  was n a tu ra lly  followed by th e  b e l ie f  
th a t  general a p titu d e  t e s t s  could be developed which would have 
p re d ic tiv e  value fo r  fu tu re  performance. When these  a p titu d e  t e s t s  
were used in  experim ental s i tu a t io n s ,  however, th e  re la tio n sh ip  
between ap titude  scores and th e  lea rn in g  of a new task  has in most 
cases been too low to  be o f p red ic tiv e  value.
Continued study o f th e  nature o f motor a b i l i ty  in  th e  past 
f i f te e n  years has produced evidence which has made the  phenomenon 
of motor lea rn in g  even more perp lex ing . The s tu d ies  done in  
p h y sica l education have re su lte d  in  d a ta  which caused a swing of th e
7th e o re t ic a l  pendulum in  the  opposite d ire c tio n . The preponderance
of recen t research  has supported a new theo ry  th a t  th e  nature  o f
motor a b i l i ty  i s  q u ite  sp e c if ic  to  th e  ta s k  being performed. Henry,
who w ith  h is  a sso c ia te s  has conducted a la rg e  percentage o f th e  recent
resea rch  in  th is  a re a , explained the  new theory  as follow s:
The theory  of sp e c if ic  motor a b i l i t i e s  im plies th a t  some 
in d iv id u a ls  a re  g if te d  w ith many sp e c if ic  a b i l i t i e s  and o th ers  
have only a few; i t  follow s th a t  th e re  w il l  in ev itab ly  be 
s ig n if ic a n t c o rre la tio n s  between t o t a l  t e s t  b a tte ry  scores when 
t e s t s  involving many a b i l i t i e s  are  lumped to g e th e r . The general 
motor fa c to r  which thus makes i t s  appearance i s  a  sample, 
fundam entally, o f how many sp e c if ic s  th e  in d iv id u a l has, and 
genera l motor a b i l i ty  does e x is t in  t h i s  sense. This i s  no t a 
question  of d e f in i t io n ;  i t  i s ,  on th e  con tra ry , a  m atter of 
b a s ic  th e o re tic a l  in s ig h t in to  th e  problem. F a ilu re  to  apprecia te  
t h i s  d is t in c tio n  has beclouded our th ink ing  in  th e  p a s t, and has 
erroneously led  us to  expect th a t  p ra c tic in g  a motor s k i l l  would 
improve general coord ination . . . . R epetition  o f  a motor ac t 
improves the sp e c if ic  s k i l l  th a t  i s  p rac tic ed , bu t in d iv id u a l 
d iffe ren c e s  in  a b i l i ty  to  p ro f i t  by p ra c tic e  a re  sp e c ific  to  
th a t  s k i l l  and d e f in i te ly  do not p re d ic t the  a b i l i ty  to  improve 
by p ra c tic e  in  some o th e r s k i l l . 5
I .  STATEMENT OF THE PROBLEM
The problem which confronts educators and psycholog ists 
concerns the process by which in d iv id u a ls  lea rn  p h y sica l and m ental 
s k i l l s .  Fundamental to  an understanding o f th is  process is  knowledge 
about th e  nature o f  th e  a b i l i t i e s  which an in d iv id u a l employs in  the  
lea rn in g  of a new ta s k . The two-pronged dilemma s t i l l  to  be resolved 
in  whether these a b i l i t i e s  a re  general in  nature o r sp e c if ic  to  the
5
Franklin M. Henry, "S p e c ific ity  vs. G enerality  in  Learning 
Motor S k i l l s ,"  Proceedings o f the  College Physical Education 
A ssoc ia tion . 6 l (1958), 127.
p a r t ic u la r  ta s k . One hypothesis i s  th a t  when an ind iv idua l performs 
sev e ra l d if fe re n t  ta sk s  he c a l ls  upon c e r ta in  s ta b le  c h a ra c te r is t ic s  
o f behavior which have developed throughout a l ife tim e  of p ra c tic e  
and overlearn ing  of r e la te d  a c t iv i t i e s .  The ex ten t to  which h is  
performance on th e  d if fe re n t  ta sk s  is  re la te d  i s  an in d ica tio n  of the  
s im ila r ity  o f a b i l i t i e s  which co n trib u te  to  th a t  performance. The 
o th er hypothesis i s  th a t  the  p a r t ic u la r  fa c to rs  o f each ta sk  w ill  
determ ine th e  in d iv id u a l 's  performance and h is  a b i l i ty  to  perform 
rep re sen ts  previous p ra c tic e  and s k i l l  development in  th a t  p a r t ic u la r  
ta s k . I f  th e re  i s  any degree o f re la tio n sh ip  between h is  performance 
on d if f e r e n t  task s i t  does not imply th a t  an a b i l i ty  common to  a l l  
ta sk s  co n tribu ted , but th a t  th i s  in d iv id u a l possessed a high degree 
o f each sp e c if ic  a b i l i ty .
Previous in v es tig a tio n s  o f th e  above s ta te d  assumptions have 
tended to  support the  s p e c if ic i ty  o f a b i l i ty .  An important element 
in  th e  study of the  problem, however, i s  th e  stage during p ra c tic e  of 
th e  new ta sk s  a t which th e  re la tio n sh ip  i s  analyzed. There i s  evidence 
to  suggest th a t  the  fa c to rs  which co n trib u te  to  in d iv id u a l variance in  
performance change with d if fe re n t  stages in  the  p ra c tic e  period  during 
which a new ta sk  i s  lea rn ed . I f  th i s  i s  tru e  then p rov ision  must be 
made fo r  a long enough period  of p ra c tic e  to  insure  th a t  th e  
performance being analyzed rep resen ts  a sample o f the  tru e  fa c to rs  
c o n trib u tin g  to  the in d iv id u a l 's  a b i l i ty  to  perform th a t  ta s k .
9I I .  PURPOSE OF THE STUDY
The purpose of th e  study was to  attem pt to  gain fu r th e r  
inform ation concerning th e  n a tu re  of a b i l i t i e s  which co n trib u te  to  
the  performance of gross motor s k i l l s .  S p e c if ic a lly , th e  study 
sought:
1. To determ ine th e  e ffe c t o f extended p ra c tic e  sessions on
th e  in te r - re la t io n s h ip  of a b i l i t i e s  involved in  the  
performance o f th ree  gross motor ta s k s .
I t  was th e  purpose to  analyze performance a t  various stages o f 
an extended p ra c tic e  period  to  determ ine f i r s t ,  i f  th e re  i s  a 
re la tio n sh ip  among any of the  th re e  ta sk s  which would in d ic a te  th a t  
th e re  i s  an a b i l i ty  o r a b i l i t i e s  common to  a l l  th re e  ta sk s  and second, 
to  determine whether th e  re la tio n sh ip  among performances on th e  th ree  
ta sk s  changes as p ra c tic e  in c reases .
2. To determ ine performance tren d s during extended p ra c tic e  fo r
su b jec ts  having d if fe re n t  le v e ls  of i n i t i a l  a b i l i ty  in  a 
ta s k .
Several questions fo r  which answers were sought were:
A. Do ind iv idua ls w ith d if fe re n t  degrees of i n i t i a l  a b i l i ty
follow  th e  same tren d  in  performance when learn ing  a 
gross motor task?
B. Which o f th e  experim ental v a riab le s  co n trib u tes  most
to  th e  variance in  performance on th e  th re e  tasks?
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I I I .  SIGNIFICANCE OF THE STUDY
Motor lea rn in g  and motor performance a re  very  important aspec ts  
o f th e  educa tional scene and t h e i r  importance i s  probably ap p rec ia ted  
by more people today than  a t  any tim e in  th e  p a s t .  P hysica l educators 
in  a l l  p a r ts  o f th e  country  a re  spending a la rg e  percentage o f t h e i r  
tim e in  conducting c la sse s  in  which ch ild ren  o f a l l  ages a re  lea rn in g  
and perform ing motor s k i l l s .
In th e  p a s t te n  years th e  p ro fessio n  has made im pressive 
progress in  many areas o f re sea rch . Much has been con tribu ted  to  th e  
a v a ila b le  knowledge o f  th e  p h y sio lo g ica l e f f e c ts  o f  ex erc ise  and 
muscle a c tio n  during a c t iv i ty .  There has a lso  been a very comprehensive 
a n a ly s is  o f  a l l  a spec ts  o f m uscular s tre n g th . Yet th e re  has not been a 
very  strong  o r  purposefu l e f f o r t  made in  th e  in v e s tig a tio n  o f th e  
problems involved in  th e  lea rn in g  p rocess .
E arly  le a d e rs  in  th e  f i e ld  made a very commendable s t a r t  toward 
comprehension o f th e  problem s, but progress since then has been 
sporadic and somewhat d isconnected . In  alm ost every T ests and 
Measurements book th e re  i s  refe ren ce  made to  genera l motor a b i l i ty  
fa c to r s  and suggested measures o f th ese  f a c to r s .  Yet, th e  most 
recen t research  done in  t h i s  area  suggests th a t  i t  serves no purpose 
to  g ive an in d iv id u a l a genera l t e s t  fo r  m uscular s tre n g th . I f  you 
want to  know how he w i l l  perform a c e r ta in  ta sk  which re q u ire s  
s tre n g th , you would have to  give him some measure o f s tre n g th  th a t  i s  
sp e c if ic  to  th a t  p a r t ic u la r  ta s k .
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As C ratty^ poin ted  o u t, saying th a t  s k i l l  i s  sp e c if ic  p resen ts 
an enormous obstac le  to  providing app rop ria te  lea rn in g  s i tu a tio n s .
I t  would be extrem ely d i f f i c u l t ,  i f  no t im possible, to  d u p lica te  th e  
many conditions which th e  le a rn e r  may a t  some tim e encounter. C ra tty  
expressed the  b e l ie f  th a t  f a i lu re  to  continue th e  search fo r  b a s ic , 
general fa c to rs  which co n trib u te  to  se v e ra l kinds of motor ta sk s  
would c o n s titu te  a grave omission from p ro fess io n a l knowledge o f 
human behavior.
I t  was th e  w r i te r ’s opinion, a f t e r  reviewing th e  l i t e r a tu r e  in  
both psychology and physica l education th a t  perhaps more in v es tig a tio n  
was needed before the  g e n e ra lity  and s p e c if ic i ty  controversy could be 
reso lved . I t  appeared th a t  a more complete understanding of th e  
lea rn in g  process could be a tta in e d  from more inform ation concerning 
th e  re la tio n sh ip  of performance on d if fe re n t  motor ta sk s  with extended 
p ra c tic e , an a ly s is  of th e  fa c to r  s tru c tu re  a t  various stages o f 
p ra c tic e  and a more in ten siv e  study o f ind iv idua l d iffe ren ces  in  
performance.
The p resen t study was intended to  provide i n i t i a l  inform ation 
which could form the  b a s is  fo r  fu r th e r ,  more comprehensive in v es tig a ­
t io n  o f the  problem.
IV. DEFINITION OF TERMS
The study of human behavior spans many academic and p ro fess io n a l
^Bryant J .  C ra tty , "A Three Level Theory o f Perceptual-M otor 
Behavior," Quest. Monograph VI (May, 1966), p . 9.
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f ie ld s ,  and the  l i t e r a tu r e  p e rta in in g  to  th e  sub jec t con ta ins a wide 
v a r ie ty  o f words and phrases. I t  seemed ad v isab le , th e re fo re , to  
e s ta b l is h  th e  framework w ithin  which th e  concepts o f th e  p resen t study 
a re  con tained .
F i r s t  o f a l l ,  i t  should be e s ta b lish e d  th a t  th e  aspect o f human 
behavior w ith which th e  study d e a ls  i s ,  as suggested by C ra tty ,? " th a t 
which i s  ch a rac te rize d  by observab le , pu rposefu l, v o lun ta ry  movements, 
movements which are ta sk -ce n te red  and those which are  reasonably  
complex".
In s tu d ie s  involv ing  motor le a rn in g , th e  term s "learn ing" and 
"performance" a re  sometimes used in terchangeab ly  and confusion can 
a r i s e  when in te rp re ta t io n  of procedures i s  made in  r e la t io n  to  th ese  
term s. For purposes o f  the  p resen t study, th e  author has chosen to  
use th e  concepts o u tlin e d  by C ra tty ^  to  exp la in  how lea rn in g  and 
performance apply.
Motor performance is  considered  to  be immediate and short-term  
in  n a tu re  and marked by movement d ire c te d  toward th e  execution o f an 
id e n t i f ia b le  ta s k . I t  i s  fu r th e r  considered to  be dependent upon 
p a s t experience and th e  evaluation  by th e  su b jec t o f th e  s i tu a t io n  in  
which he f in d s  h im se lf. As such, motor performance becomes th e  
segmented evidence o f  motor le a rn in g .
7
Bryant J .  C ra tty , Movement Behavior and Motor Learning 
(P h ilad e lp h ia : Lea & Febiger, 1964) »  p* 21.
^ Ib id . .  p . 23.
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Learning is  m anifested by a ra th e r  permanent change in  
behavior which occurs as a r e s u l t  o f p ra c tic e  and i s  v e r if ie d  by 
comparing performance t r i a l s  separated  in  tim e.
The o th er terms which i t  was f e l t  should be c la r i f ie d  include 
the  follovring:
Sensory-motor s k i l l s : those in  which performance i s  influenced 
by sensory c u e s .^
Perceptual-m otor s k i l l s ; those  in  which a form ation o f meanings 
from sensory experience tak es  p lace .
C oordination: a s e r ie s  of movements o f varying speeds and force 
combining in to  a motor ac t o f a complex n a tu r e .^
Gross motor a b i l i t i e s : those neuromuscular coord inations which 
involve vigorous c o n trac tio n s  of la rg e  muscles and u su a lly  movement o f 
the  whole b o d y .^
V. LIMITATIONS OF THE STUDY
Although th e  m ajo rity  o f sub jec ts  exh ib ited  a genuine in te re s t  
in  try in g  to  improve th e i r  performance a t  each p ra c tic e  session , th e re  
was no way in  which th e  in v e s tig a to r  could c o n tro l th e  m otivation 
fa c to r  in  th e  study.
^ Ib id . , p. 26.
10Ib id .
11Ib id . . p. 49.
12Harold G. Seashore, "Some R ela tionsh ips o f Fine and Gross 
Motor A b i l i t ie s ,"  Research Q uarte rly . XXIII (October, 1942), 259-274-
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Because th e  su b jec ts  were vo lun teers and p a r t ic ip a te d  in  th e  
experiment during t h e i r  free  tim e, i t  was not p o ss ib le  to  have 
id e n tic a l  p a tte rn s  o f p ra c tic e  fo r  every su b jec t.
VI. DELIMITATIONS OF THE STUDY
The design of th e  study did  not req u ire  th a t  any c o n tro l be 
imposed on e i th e r  th e  previous o r cu rren t experience in  physica l 
a c t iv i t i e s  o f th e  su b je c ts . I t  was f e l t ,  however, th a t  in d iv id u a ls  
who had a sp ec ia lized  in te re s t  in  p h y sica l performance might con tribu te  
an undue in fluence  on th e  variance of sco res . The in v e s tig a to r  
decided, th e re fo re , to  exclude any sub jec ts  who were m ajoring in  
p hysica l education.
From what i s  known about motor performance a t  th e  p resen t tim e, 
th e re  i s  no evidence to  suggest th e  amount o f p ra c tic e  which would 
re s u l t  in  a f in a l  l im it  o f improvement. The in v e s tig a to r  decided to  
l im it  th e  amount o f p ra c tic e  in  t h i s  study to  tw en ty -five  t r i a l s  o f 
each ta sk  based on th e  assumption th a t  t h i s  would provide a po in t 
beyond which no major changes in  performance would be l ik e ly  to  occur. 
This judgment was made a f t e r  a p i lo t  study was done, in  which i t  
appeared th a t  tw en ty -five  t r i a l s  rep resen ted  a su f f ic ie n t  amount o f 
p ra c tic e .
CHAPTER I I
REVIEW OF LITERATURE
The in v e s tig a to r 's  review of l i t e r a tu r e  involved p u b lica tio n s  
in  th e  f ie ld s  of psychology and physica l education . Although th e  
s tu d ies  which are most d ire c t ly  re la te d  to  th e  hypothesis being 
te s te d  were obtained from psychological l i t e r a t u r e ,  th e re  i s  a g rea t 
d ea l of inform ation from p u b lica tio n s  in both f ie ld s  which i s  
p e r tin e n t to  c rea tin g  the  proper perspec tive  o f the  problem in v e s ti­
gated . The author f e l t  th a t  t h i s  perspec tive  could best be created  
by p resen ting  the inform ation in  th ree  separa te  ca teg o ries : ( l )  
inform ation dealing with the  theory  o f g e n e ra lity  o f motor a b i l i ty j  
(2) inform ation dealing  w ith s p e c if ic i ty  o f motor a b i l i ty ;  and (3) 
inform ation d ire c tly  re la te d  to  the in te rc o rre la t io n  of a b i l i t i e s  as 
a ffe c te d  by p ra c tic e .
I .  GENERALITY OF ABILITY
The theory th a t  th e re  i s  a general fa c to r  underlying human 
performance was given i n i t i a l  impetus by in v e s tig a to rs  o f m ental 
a b i l i t i e s .  In 1904, Spearman-*- developed what has been c a lle d  th e  two- 
fa c to r  theo ry  of in te l l ig e n c e . According to  Spearman's theo ry ,
^C. Spearman, The A b il i t ie s  of Man: T heir. Nature and Me as virement 
(New York: The Macmillan Company, 192717
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in te llig e n c e  c o n s is ts  o f a general f a c to r  underlying a l l  in te l le c tu a l  
tasks and. several sp e c if ic  fa c to rs  which are a sso c ia ted  w ith each 
d if fe re n t kind of ta s k .
The in te re s t  in  the  study of in te llig e n c e  o r m ental a b i l i t i e s  
was q u ite  widespread during th e  e a rly  1900's and toward th e  end of 
the f i r s t  quarter o f  th e  cen tu ry , the  in te r e s t  spread to  a sim ila r 
study o f  motor a b i l i t i e s .  In th e  case o f  both m ental and motor 
a b i l i ty ,  th e  search fo r  a genera l performance fa c to r  was conducted 
p rim arily  by means o f  two methods o f in v e s tig a tio n : th e  development o f 
ap titude  t e s t s  and fa c to r  a n a ly s is .
The f i r s t  m ajor attem pt a t  developing a t e s t  o f motor a b i l i ty  
was done by Brace in  1927. His concept o f motor a b i l i ty  was s ta te d  
as fo llow s:
For purposes o f  th is  study, th e  term  "motor a b i l i ty "  i s  used to  
apply  to  th a t a b i l i ty  which i s  more o r le s s  g en era l, which i s  
more o r  le s s  in h e ren t, and which perm its an in d iv id u a l to  lea rn  
motor s k i l ls  e a s i ly  and to  become re a d ily  p ro f ic ie n t  in  them.
The t e s t  items measured fa c to rs  of a g i l i ty ,  b a lance , c o n tro l,
f l e x i b i l i t y ,  a g i l i ty  and balance , s tre n g th , and s tre n g th  and c o n tro l.
A somewhat d if fe re n t  concept was introduced severa l years l a t e r
by M c C l o y . 3  His t e s t  o f genera l motor a b i l i ty  was conceived as a
2David Kingsley Brace, Measuring Motor A b il i ty : A Scale of 
Motor A b il i ty  T ests (New York: A. S. Barnes and Company, 19271, p . 14.
3
C. H. McCloy, "The Measurement o f General Motor Capacity and 
General Motor A b il i ty ,"  Research Q uarterly  Supplement, V (March, 1934),
46.
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measure o f developed capacity  and included item s of th re e  o r four
tra c k  and f ie ld  events and a s tren g th  t e s t .  McCloy a lso  s ta te d  th a t
he f e l t  th e re  was a need in  physica l education fo r a t e s t  which
would be analagous to  those  fo r  general in te llig e n c e . In  an attem pt
to  s a t is fy  t h i s  need, he developed a t e s t  o f general motor capacity
which he explained as follow s:
As th e  ord inary  in te llig e n c e  t e s t s  are  r e a l ly  t e s t s  o f general 
a b s tra c t in te l le c tu a l  cap ac ity , so t h i s  i s  a t e s t  o f  general 
innate motor capac ity . In t h i s  te rn  th e  word, "Capacity", 
in d ic a te s  th a t  th e  t e s t  a ttem pts to  measure not so much developed 
a b i l i ty  as innate p o te n t ia l i t i e s —th e  l im it  to  which the  
in d iv id u a l may be developed. . . . th e  word, "general" , in d ic a te s  
th a t  th e se  motor c a p a c itie s  measured a re  the basic  fundamental 
ones th a t  apply to  almost a l l  motor perform ance.^
The items included in  th e  t e s t  were: ( l)  c la s s if ic a t io n  index (based
on age, he igh t and w eight) ; (2) Sargent jump; (3) Brace T estj and
(4) Burpee T est.
Continued work by Brace, Me Cloy and o thers in  th e  area o f  
motor ap titu d e  te s t in g  led  to  th e  in tro d u c tio n  of the  term  "motor 
e d u c a b ility ."  Tests which contained item s, p rim arily  o f  a stun t 
type n a tu re , were devised and r e s u l ts  of th o se  measures were purported 
to  help id e n tify  in d iv id u a ls  who could le a rn  a v a rie ty  o f  motor s k i l l s  
w ith a minimum of e f f o r t .
Following the  p u b lic a tio n  o f t e s t s  o f motor a b i l i t y ,  motor 
capacity  and motor e d u c a b ility , research  was done to  determ ine i f ,  
in  f a c t ,  in d iv id u a ls  w ith  high scores on th e se  te s ts  could lea rn  and 
perform o th e r motor s k i l l s  e a s i ly .
^ Ib id .
la
One of th e  f i r s t  o f  t h i s  type  study was done by H oskins,5 in  
which he attem pted to  determ ine th e  re la tio n sh ip  between measures o f 
genera l motor capacity  and general motor a b i l i ty  and th e  lea rn ing  o f 
sp e c if ic  motor s k i l l s  taugh t in  p h y sica l education c la s s e s . With the  
exception of a su b s ta n tia l  re la tio n sh ip  between th e  Modified Brace 
Test and Track, a l l  c o rre la tio n s  ob tained  were low.
Gross and o th e rs0 in v es tig a ted  th e  re la tio n sh ip  of two motor 
e d u ca b ility  t e s t s  to  w restlin g  a b i l i ty  and concluded th a t  th e  t e s t s  
were o f l i t t l e  value in  p red ic tin g  in d iv id u a l lea rn in g  a b i l i ty  o f 
co llege  studen ts in  w restlin g .
Using th e  th ree  most widely accepted t e s t s  o f motor e d u c a b ility , 
Gire and Espenschade? found th a t  none of them measured a ccu ra te ly  th e  
ease w ith which high school g i r l s  learned  th e  s k i l l s  in  b a sk e tb a ll, 
v o lle y b a ll , and b a se b a ll.
Other s tu d ie s , however, have produced d if fe r in g  r e s u l ts .
C>
Anderson and McCloy obtained  high c o rre la tio n s  between sp o rts  a b i l i ty
5
Robert N. Hoskins, "The R ela tionsh ip  o f Measurements o f General 
Motor Capacity to  th e  Learning of Special Psycho-Motor S k i l l s ,"  Research 
Q u arte rly . V (March, 1934), 63-72.
^Elmer A. Gross e t  a l . , "R elationship  Between Two Motor 
E ducab ility  T es ts , a Strength Test and W restling A b ility  A fter Eight 
Weeks In s tru c tio n ,"  Research Q u a rte rly , XXVII (December, 1956), 395-402.
^Eugenia Gire and Anna Espenschade, "The R ela tionsh ip  Between 
Measures o f Motor E ducab ility  and th e  Learning of S p ec ific  Motor S k i l l s ,"  
Research Q uarte rly . X III (March, 1942), 43-56.
£>
Theresa Anderson and C. H. McCloy, "The Measurement o f Sports 
A b ility  in  High School G ir ls ,"  Research Q uarte rly , XVIII (March, 1947), 
2-11.
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and measures o f motor capacity  and motor e d u c a b ility . Using the  
Humiston Motor A b ility  T est, Kammeyer^ a lso  found i t  to  be a v a lid  
measure fo r  in d ic a tin g  a th le t ic  performance of high school g i r l s .
Scott-1-0 found a r e la t iv e ly  high c o rre la tio n  between motor 
a b i l i ty  scores and ra tin g s  of beginning swimmers. She a lso  found 
th a t  t h i s  re la tio n sh ip  was ev ident in  th e  ra te  o f le a rn in g ; those 
sub jec ts  w ith th e  lowest motor a b i l i ty  scores a lso  had th e  slow est 
lea rn in g  r a te .
In a study of high and low scoring  beginning bow lers, W alters^ l 
found th a t  th e  above average bowler i s  b e t te r  in  motor a b i l i ty  and 
motor e d u cab ility  than th e  below average bowler.
The search fo r  general fa c to rs  which seem to  underlie  the 
performance of more than  one ta sk  has led  to  a number o f f a c to r ia l  
s tu d ie s  over th e  y e a rs . According to  C r a t t y ,^  McCloy surveyed the  
e a rly  f a c to r ia l  s tu d ies  done and concluded th a t  th e  follow ing ten  
fa c to rs  con tribu ted  to  th e  performance o f gross motor s k i l l s :
1. S trength
2. Dynamic s treng th  o r energy
^S h irley  J .  Kammeyer, " R e lia b il i ty  and V a lid ity  o f a Motor 
A b ility  Test fo r  High School G ir ls ,"  Research Q uarte rly . XXVII 
(October, 1956), 310-315.
^°M. Gladys S c o tt, "Learning Rate of Beginning Swimmers," 
Research Q uarte rly . XXV (March, 1954), 91-99.
■^C, E tta  W alters, "Motor A b ility  and E d u cab ility  Factors o f 
High and Low Scoring Beginning Bowlers," Research Q uarte rly . XXX 
(March, 1959), 94-100.
12Bryant J .  C ra tty , Movement Behavior and Motor Learning 
(P h ilad e lp h ia : Lea and Febiger, 1964) ,  p . 42.
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3 . A b ility  to  change d ire c tio n
4 . F le x ib i l i ty
5. A g ility
6. P eriphera l v is io n
7. Good v is io n
8. Concentration
9. Understanding the  mechanics o f movement
10. Absence of d is tu rb in g  emotional com plications
U tiliz in g  twenty-one v a ria b le s  which had been used in  the  past 
to  measure some phase of motor coo rd ina tion , Cumbee-^ was able to  
is o la te  the  follow ing f iv e  fa c to rs :
1. Balancing o b jec ts
2. Tempo
3. Two-handed a g i l i ty
4. Speed of change o f d ire c tio n  of th e  arms and hands
5. Body balance
Several more recen t s tu d ie s , using a broader range of ta sk s  and 
a la rg e r  number o f su b je c ts , were reviewed by C ra tty .-^  He reported  
the  work done by Fleishman, Thomas and Monroe, in  which they  id e n tif ie d  
th e  follow ing s ix  primary fa c to rs :  ( l )  Speed-of-change-of-d irection ;
(2) Gross body equ ilib rium ; (3) Balance w ith v isu a l cues; (4) Dynamic 
f l e x i b i l i t y ;  (5) Extent f l e x ib i l i t y ;  and (6) Speed-of-limb-movement.
13Frances Z. Cumbee, "A F a c to r ia l  A nalysis o f Motor C o-ord ination ," 
Research Q uarte rly . XXV (December, 1954), 412-428.
~^ I b i d . . p . 44.
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Numerous s tu d ies  have been done to  in v es tig a te  th e  re la tio n sh ip  
between c e r ta in  fa c to rs  o f motor a b i l i ty  and a th le t ic  performance. In 
summary, these  in v e s tig a tio n s  have shown a th le te s  o r s k ille d  perform ers 
to  be superio r to  n o n -a th le te s  o r n o n -sk illed  perform ers in  measures 
o f reac tio n  tim e, speed of movement, quickness o f body movement, 
eye-hand coord ination , s tead in ess , s tre n g th , endurance, a le r tn e s s , 
and jump and reach .
In a recen t study by V i n c e n t , a  new approach was employed to  
in v es tig a te  a re la te d  aspect o f g e n e ra lity  o f a b i l i ty .  Subjects were 
p re te s te d  on measures o f gross movement a b i l i ty  and s t a t i c  balance 
and then p rac tic ed  experim ental ta sk s  which involved the  same per­
cep tual components as th e  c r i te r io n  measures but d if fe re n t  motor 
components. P o s t- te s t  r e s u l ts  revealed  s ig n if ic a n t improvement which 
was in te rp re ted  as t r a n s fe r  re s u ltin g  from the  s im ila r i ty  in  percep tual 
components o f th e  two motor s k i l l s .
The preceding review o f l i t e r a tu r e  was presen ted  w ith the 
in te n tio n  of providing inform ation th a t  would help  to  show the 
development o f a theory  of g e n e ra lity  o f motor a b i l i ty .  I t  might be 
h e lp fu l a t  th i s  p o in t to  summarize th a t  inform ation as a means of 
b ridg ing  the  t r a n s i t io n  to  th e  viewpoint which holds th a t  a b i l i ty  i s  
ta sk  sp e c if ic .
Observation of human behavior has shown th a t  ind iv idua ls  d i f f e r
■^William John Vincent, "T ransfer E ffec ts  Between Motor S k il ls  
Judged S im ilar in  Perceptual Components," Research Q uarte rly . XXXIX 
(May, 1968), 380-388.
in  t h e i r  a b i l i ty  to  perform a task  th a t  involves use o f th e  la rg e  
muscles o f the  body and a r e la t iv e ly  high degree of t o t a l  body 
movement. The question  then  arose as to  whether these  same in d iv i­
duals would ex h ib it the  same d iffe ren ces  in  a b i l i ty  i f  they  performed 
a d if fe re n t  ta s k . Based on em pirical evidence, e a rly  in v e s tig a to rs  
concluded th a t  th e re  were c e r ta in  common elements involved in  a 
g rea t many motor ta sk s  and th a t an in d iv id u a l who had shown a high 
degree o f  a b i l i ty  to  perform one ta sk  should a lso  have a high degree 
of a b i l i ty  to  perform o th er types o f ta s k s . With t h i s  assumption in  
mind, t e s t s  were developed which contained items th a t measured these  
common elements and in d iv id u a ls  who scored high on th e  t e s t  were 
considered to  possess the  genera l a b i l i ty  to  succeed in performing any 
ta sk  which he might a ttem pt.
When the  s t a t i s t i c a l  procedure o f fa c to r  an a ly sis  was in troduced, 
i t  provided a means fo r  a more s c ie n t i f ic  in v es tig a tio n  o f th e  same 
problem. Using a la rg e  number of v a ria b le s  o r motor ta sk s  and applying 
a fa c to r  a n a ly s is , in v e s tig a to rs  iso la te d  c e r ta in  fa c to rs  which 
appeared to  u n d erlie  the  performance of a l l  o f  the  ta sk s  involved.
One of th e  main reasons fo r  attem pts to  fathom th e  na tu re  of 
a b i l i ty  was to  ob tain  a b a s is  fo r  p red ic tio n  of fu tu re  performance. 
Proponents o f a general motor a b i l i ty  theory  contended th a t  i t  i s  
p o ss ib le  to  do t h i s .
I I .  SPECIFICITY OF ABILITY
In recen t y e a rs , however, research  evidence has led  to  th e
form ulation of a theory  th a t  i t  i s  la rg e ly  a m atter o f chance whether 
an ind iv idua l who has r e la t iv e ly  high (or low) a b i l i ty  in  one motor 
task  w il l  have high o r low a b i l i ty  in  another motor ta s k ,  un less the  
two ta sk s  are  so s im ila r  as to  be p ra c t ic a l ly  id e n t ic a l .  S ta ted  
another way, s p e c i f ic i ty  th e o r is ts  recognize th e  ex is tence  of 
r e l ia b le  in d iv id u a l d iffe ren ces  in  motor a b i l i t i e s ,  bu t conclude th a t  
experim ental evidence shows l i t t l e  o r no c o rre la tio n  of ind iv idua l 
d iffe ren ces  between d if fe re n t ta s k s .
A la rg e  p roportion  of recen t research  in  t h i s  area  has involved 
not only th e  g e n e ra lity  v s. s p e c i f ic i ty  o f o v e ra ll  genera l motor 
a b i l i ty ,  but attem pts to  determine how sp e c if ic  in d iv id u a l d iffe ren c e s  
a re  in  some o f th e  fa c to rs  which a re  said  to  c o n s titu te  motor a b i l i ty .  
Some of th e  in v e s tig a tio n s  reviewed may be sa id  to  rep resen t the  
extreme of th e  g e n e ra l i ty -s p e c if ic i ty  continuum. The hypothesis 
suggested by some o f them is  th a t  ind iv idua l d iffe ren c e s  in performance 
a re  so sp e c if ic  to  th e  task  th a t  th e  concept o f an in d iv id u a l being 
r e la t iv e ly  strong  in  comparison to  o thers i s  m eaningless. In stead , 
t h i s  in d iv id u a l would have to  be ch arac te rized  as being re la t iv e ly  
strong in  h is  a b i l i t y  to  exert s t a t i c  force in  a c e r ta in  d ire c tio n  
with h is  r ig h t  leg .
L o t t e r ,^  fo r  example, in v es tig a ted  th e  s p e c if ic i ty  or 
g e n e ra lity  o f speed of d is c re te  and re p e t i t iv e  movements of the  arms
W illard S. L o tte r , "S p e c if ic ity  o r G enera lity  of Speed of 
S ystem atica lly  Related Movements," Research Q u a rte rly , XXXII (March, 
1961), 55- 62 .
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and leg s th a t  were s im ila r to  the  ac tio n s  of throwing a b a seb a ll and
kicking a fo o tb a ll .  The in te rc o r re la t io n s  between d isc re te  and
re p e t i t iv e  movements were very low. Although a h igher c o rre la tio n
was obtained between arm speed and leg  speed, the  amount of task
s p e c i f i c i t y  under the  most favorable circum stances was about 8 5  per
cen t, compared to  15 per cent common variance th a t  could be ascribed
to  a general "speed of limb movement" fa c to r .
17In a somewhat s im ila r study, Smith ' in v es tig a ted  the  speed 
of arm swings in  th e  h o rizo n ta l plane and s t i f f - l e g  k icks in  the  
v e r t ic a l  plane fo r  both th e  forward and backward d ire c tio n s . He 
also  measured rea c tio n  tim e and s t a t i c  s tren g th  in  th e  movement 
p o s it io n . He concluded th a t  speed of movement, s tren g th  and reac tio n  
time were a l l  sp e c if ic  to  th e  limb involved and th a t  reac tio n  tim e 
and speed of movement were sp e c if ic  to  th e  d ire c tio n .
Henry and S m i t h , i n  a study of g rip  s tre n g th , found th a t  
in d iv id u a l d iffe ren ces  in  s tren g th  were 54 per cent sp e c if ic  to  the
IQ
hand te s te d . In o th e r s tu d ies  o f s tre n g th , Henry and W hitley, 7 and
17Leon E. Smith, "Ind iv idual D ifferences in  S treng th , Reaction 
Latency, Mass and Length o f Limbs and T heir R elation to  Maximal Speed 
o f Movement," Research Q uarte rly . XXXII (May, 1961), 208-220.
18x Franklin  M. Henry and Leon E. Smith, "Simultaneous vs.
Separate B ila te ra l  Muscular C ontractions in  R elation  to  Neural 
Overflow and Neuromotor S p e c if ic i ty ,"  Research Q u arte rly . XXXII (March, 
1961), 42-46.
19'F ran k lin  M. Henry and J . D. W hitley, "R elationships Between 
Ind iv idua l D ifferences in  S treng th , Speed, and Mass in  an Arm 
Movement," Research Q uarte rly , XXXI (March, i 960) ,  24-33*
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Clarke and H enryk found no s ig n if ic a n t c o rre la tio n  between s ta t i c  
s tre n g th  and "streng th  in  a c tio n ."
Smith2 -^ c o rre la ted  th e  leg  s tren g th  in a p o s itio n  designed to  
involve the  major muscle groups used in  th e  v e r t ic a l  jump with 
performance on a Modified Sargent Jump. He in te rp re te d  the  low 
c o rre la tio n  obtained as supporting th e  hypothesis th a t  s tren g th  
exerted  against a dynamometer involves a d if fe re n t  neuromotor p a tte rn  
than  s tren g th  exerted by the  muscles during a movement.
Bachman22 in v es tig a ted  ta sk  s p e c if ic i ty  v s . g e n e ra lity  in 
lea rn in g  and performing two motor s k i l l s  involving balance coordina­
t io n s .  Subjects performed ten  t r i a l s  o f balancing on a stab ilom eter 
and te n  t r i a l s  of climbing an unsupported ladder. The c o rre la tio n  
of in d iv id u a l a b i l i t i e s  fo r  performance and learn ing  between the  two 
ta sk s  was very low and prompted th e  conclusion th a t  such a b i l i t i e s  
are  ta sk  sp e c if ic .
An in v es tig a tio n  by N e l s o n 2 ^  to  study the  t r a n s fe r  of learn ing
20^ David H. Clarke and F ranklin  M. Henry, "Neuromotor S p ec ifi­
c i ty  and Increased Speed from Strength  Development,"  Research 
Q u a rte rly . (October, 1 9 6 l), 315-325*
2 lLeon E. Smith, "R elationship  Between Explosive Leg S trength  
and Performance in  th e  V e rtica l Jump," Research Q u arte rly . XXXII 
(October, 1961) ,  405-408.
22John C, Bachman, "S p e c ific ity  Vs. G enerality  in Learning and 
Performing Two Large Muscle Motor Tasks," Research Q u arte rly . XXXII 
(March, 1961) ,  3-11.
^ D a le  0 . Nelson, "Studies of T ransfer of Learning in  Gross 
Motor S k i l l s ,"  Research Q u arte rly . XXVIII (December, 1957), 364-373*
in  gross motor s k i l l s  has been re fe rred  to  by some authors as 
in d ic a tin g  s p e c if ic i ty  of t r a n s fe r .  This i s  a somewhat m isleading 
re fe ren ce . Many of th e  fin d in g s in  h is  study were not s t a t i s t i c a l l y  
s ig n if ic a n t and th e re  was some in d ic a tio n  th a t  i n i t i a l  learn ing  of 
one s k i l l  had some favorable e f fe c t  on th e  learn ing  of a s im ila r  
s k i l l .  General conclusions o f th e  study, based on observations, were 
th a t  s k i l l s  and a c t iv i t ie s  which involve s im ila r  elements and pa tterns"  
should not be learned  a t  the  same time and th a t  d e lib e ra te  teach ing  
fo r  t r a n s f e r  seems to  be in e ffe c tiv e .
S in g e r^  in v estig a ted  in te rlim b  a b i l i ty  by c o rre la tin g  
performance involving p re fe rred  and nonpreferred arms and leg s on 
two gross motor ta s k s . ta s k s  used were very s im ila r  to  those
used in  th e  presen t study_J7 One involved throwing a s o f tb a ll  a t  a 
w all ta rg e t  and th e  o ther ta sk  involved k icking  a soccer b a l l  a t  a 
w all t a r g e t .  R esu lts o f the  experiment showed low, but s ig n if ic a n t 
c o rre la tio n s  in in te rlim b  a b i l i ty .  When analyzed fo r  g e n e ra lity  and 
s p e c i f ic i ty ,  however, 29 per cent was th e  h ighest g e n e ra lity  obtained . 
The conclusion reached by the author was th a t  a l l  po ssib le  limb 
combinations of th e  movements in v es tig a te d  in d ica te  extreme s p e c if i­
c i ty  o f performance. This may be a p e rfe c tly  v a lid  conclusion, but 
i t  should be noted th a t  the  r e s u l ts  a re  based on ju s t  one t h i r t y -  
second t r i a l  of th e  ta sk s  involved.
^ R o b ert N. S inger, "Interlim b S k i l l  A b ility  in  Motor S k i l l  
Performance." Research Q uarte rly . XXXVII (October, 1966), 406-410.
I I I .  INTSRCORRELATION OF ABILITIES AS AFFECTED BY PRACTICE
The in v es tig a tio n  o f motor a b i l i t i e s  and motor lea rn in g  has
involved what might be considered ano ther, s l ig h t ly  d if fe re n t  approach
to  th e  problem. As e a r ly  as 1913, Hollingworth poin ted  out th a t
attem pts to  in te rc o r re la te  mental o r  motor a b i l i t i e s  as measured by
lab o ra to ry  t e s t s  had u su a lly  produced i r re g u la r  r e s u l t s .  He suggested
th a t  these  r e s u l ts  might be a t t r ib u ta b le  to  th e  fa c t th a t  th e  measures
c o rre la te d  u su a lly  were i n i t i a l  t r i a l s  o r a t most averages o f a  very
few t r i a l s .  He hypothesized th a t :
The momentary a b i l i ty  revealed in  i n i t i a l  t r i a l s ,  o r  even in  th e
f i r s t  ha lf—dozen-tr-ia ls in  a given se t of—t e s t s  might w e llibe--------
expected to  show only low degrees o f c o rre la tio n . These would 
not be measures o f u ltim ate  cap ac ity , bu t would be h igh ly  
determined by previous p ra c tic e , chance v a r ia b i l i ty ,  momentaiy 
a t t i tu d e  and i n i t i a l  method o f a tta c k . They would, in  sh o rt, be 
samplings only of momentary a b i l i ty ,  not o f f in a l  c a p a c ity .^5
His hypothesis was supported in  h is  study of th e  in te rc o r re la t io n  of
a b i l i t i e s  on s ix  t e s t s  o f f in e  motor a b i l i ty  a t  d i f fe re n t  s tages of
a p ra c tic e  p e riod  involving 205 t r i a l s .  The f in a l  averages o f a l l
c o rre la tio n s  showed a steady increase  from .065 in  th e  i n i t i a l  t r i a l
to  .28 a t  the  5 th , .32 a t  the  25th, .39 a t th e  80th, and .49 a t  the
205th .
In 1943, Buxton and Humphreys'^ also  in v es tig a te d  th e  e f fe c t  of
25yH. L. Hollingworth, "C orrela tion  o f A b i l i t ie s  as A ffected by 
P ra c tic e ,"  The Journal o f Educational Psychology. IV (September, 1913), 
405-413.
26E. E. Buxton and L. G. Humphreys, "The E ffec t of P rac tice  
Upon In te rc o rre la tio n s  o f Motor S k i l l s ,"  Science, 81 (May, 1935), 
441-442.
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p ra c tic e  upon th e  in te rc o r re la t io n  of a b i l i t i e s .  Subjects in  th e i r  
study performed n ine cycles o f fou r f in e  motor s k i l l s .  Their find ings 
were exac tly  opposite  from those  o f Hollingworth. As p ra c tic e  
increased th e  c o rre la tio n  between task s .d ecrea sed , prompting the  
conclusion th a t  such s k i l l s  no t only are sp e c if ic , but p ra c t ic a l ly  
independent v a ria b le s .
Some very comprehensive d iscussions o f the  study o f motor
a b i l i t i e s  in  r e la t io n  to  p ra c tic e  a re  av a ilab le  in  re p o rts  o f research
27conducted in  th e  1950's by th e  A ir Force. In one such study, Adams r
poin ted  out th a t  th e  in v es tig a tio n  of in d iv id u a l d iffe ren c e s  in  the
a c q u is itio n  of a  psychomotor response involves two re la te d  aspec ts:
( l )  the  nature  o f acq u is itio n  curves fo r  su b jec ts  having d if fe re n t
le v e ls  of i n i t i a l  a b i l i ty  in  th e  ta s k ;  and (2) how w ell performance
a t  various s tages of tra in in g  can be p red ic ted  from in tra - ta s k
measures, measures from o th er psychomotor t e s t s ,  and p rin te d  t e s t
sco res . He s ta te d :
The f i r s t  question  bears on such problems as th e  in te ra c tio n  
between a b i l i ty  measures and lea rn in g  v a r ia b le s , and what might 
be expected in  th e  tra in in g  of sub jec ts  d if fe r in g  in  i n i t i a l  
a b i l i ty  in  a ta s k . The second question  involves such problems 
as a b i l i ty  p a tte rn s  a t various stages of tra in in g  and what 
measures give th e  best p re d ic tio n  of performance a t  these  
d if fe re n t s ta g es .
In an in v e s tig a tio n  concerning the na tu re  o f a c q u is itio n  curves, 
Adams analyzed th e  scores o f 860 su b jec ts  on th e  D iscrim ination
27Jack A. Adams, "The R ela tionsh ip  Between C erta in  Measures 
o f A b ility  and th e  A cquisition  o f a Psychomotor C rite r io n  Response,"
The Journal of General Psychology. 56 (January, 1957), 121-134.
R eaction Time Test ever a period  c o n s is tin g  o f six teen  t r i a l s .  He 
d iv ided  the  t o t a l  su b jec ts  in to  te n  a b i l i ty  groups and p lo tte d  the  
mean scores fo r  each of the  six teen  t r i a l s .  The groups exh ib ited  
considerable d iffe ren ce  in  the form of t h e i r  a c q u is itio n  curves. The 
lowest 10 per cent in  a b i l i ty  had a performance curve w ith a ra th e r  
extended i n i t i a l  c u rv ilin e a r  segment. As th e  le v e l  o f a b i l i ty  
increased , th e  c u rv ilin e a r  segment became le s s  prominent u n t i l ,  by 
D ecile 10, th e  performance curve was approxim ately l in e a r  throughout. 
A ll groups showed r e la t iv e ly  l i t t l e  gain in  performance over th e  l a t e r  
t r i a l s .  The te n  curves were e s s e n t ia l ly  p a r a l le l  in  th e  f in a l  t r i a l s  
and th e re  was l i t t l e  in d ica tio n  th a t  they  could even tually  converge to  
a common le v e l .  Although the performance curves o f th e  ten  groups 
m aintained about the  same rank o rder throughout t r a in in g , fu r th e r  
a n a ly sis  of th e  data  revealed  th a t  in d iv id u a l sub jec ts  showed a 
tendency to  s h i f t  s ta tu s  w ith p ra c tic e . By th e  16th t r i a l ,  a 
su b s ta n tia l  number of th e  i n i t i a l  Decile 1 su b jec ts  had equalled  o r 
exce lled  the performance of su b jec ts  in  D ecile 10.
Adams a lso  in v es tig a ted  th e  p r e d ic ta b i l i ty  o f i n i t i a l  and f in a l  
performance on th e  D iscrim ination Reaction Time Test w ith p r in te d  t e s t s  
and a simple reac tio n  tim e t e s t .  He found th a t  th e  a b i l i ty  o f the  
b a tte ry  to  p re d ic t performance decreased from i n i t i a l  to  f in a l  stages 
of t r a in in g . When he d id  th e  same type of study using th e  Complex 
Coordination Test as th e  p ra c tic e  ta s k , however, th e  c o rre la tio n  
between the  b a tte ry  and advanced performance on the  p ra c tic e  ta sk  was
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h ig h er than th e  c o rre la t io n  between i n i t i a l  and f in a l  le v e l  o f 
performance on th e  p ra c tic e  ta sk  i t s e l f .
Fleishman and Hempel2® in v e s tig a te d  th e  problem o f complex 
psychomotor lea rn in g  from th e  standpo in t o f analyzing  th e  fa c to r  
s tru c tu re  in  r e la t io n  to  p ra c t ic e .  I t  was t h e i r  purpose to  t i y  to  
e s ta b l is h  what a b i l i t i e s  a re  being sampled a t  d i f f e r e n t  s tag es in  
performance as p ra c tic e  i s  continued on p a r t ic u la r  psychomotor 
ta s k s .  One o f t h e i r  s tu d ie s  involved having su b je c ts  perform  
s ix ty - fo u r  two-minute t r i a l s  of th e  Complex Coordination Test as 
th e  c r i te r io n  ta s k .  A f a c to r  a n a ly s is  o f performance was done a t  
e ig h t stages of th e  p ra c tic e  period  w ith  se lec te d  re fe ren ce  v a ria b le s  
which included both p r in te d  and motor t e s t s .  The r e s u l t s  c le a r ly  
in d ic a te d  th a t  considerab le  changes occurred in  th e  f a c to r  s tru c tu re  
of th e  c r i te r io n  ta sk  as p ra c tic e  on th e  ta sk  was continued .
A nalysis of th e  d a ta  showed th a t  th e  c r i te r io n  ta s k  was most complex 
during  th e  f i r s t  stage  o f p ra c tic e  and th a t fewer fa c to r s  con tribu ted  
in  th e  l a s t  fo u r s tag es o f p ra c t ic e .  There was a lso  a change in  th e  
n a tu re  of th e  fa c to rs  c o n tr ib u tin g  variance  from e a rly  to  l a t e r  
s tag es  of p ra c t ic e .  The fa c to rs  p rim a rily  involved e a r ly  in 
p ra c tic e  were Psychomotor C oordination , S p a tia l  R e la tio n s , V isua liza­
t io n ,  and to  some ex ten t Mechanical Experience. From th e  f i f t h  
through the  l a s t  stage o f  p ra c tic e , th e  only fa c to rs  w ith s ig n if ic a n t
28Edwin A. Fleishman and W alter E. Hempel, J r . ,  "The R elation  
Between A b il i t ie s  and Improvement w ith P rac tice  in  a V isual D iscrim ina­
t io n  Reaction Task," Jo u rn a l of Experim ental Psychology, XXXX3X 
(May, 1955), 301-312.
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load ings were th e  Psychomotor Coordination and Rate of Movement and 
a f a c to r  common only to  th e  c r i te r io n  task  i t s e l f .
A sim ila r study was done by th e  same au thors in which the 
D iscrim ination Reaction Time Test was used as th e  c r i te r io n  task . 
G enerally , the r e s u l ts  in d ica ted  th e  same conclusions t h a t  the 
p a tte rn  of a b i l i t i e s  determ ining p ro fic ien cy  in  psychomotor perform­
ance may change as a function  of p ra c t ic e . There were, however, 
se v e ra l im portant d iffe ren ces  in  th e  f in d in g s . In the e a r l i e r  
study th ere  was an increase  in  the importance o f  a fa c to r  found 
sp e c if ic  to  the  ta sk  as p ra c tic e  continued. In the second study 
th e re  was not a s  much o f an increase  in  the  sp e c if ic  f a c to r .  A lso, 
in  th e  second study  the number of fa c to rs  con tribu ting  to  
performance increased  as p ra c tic e  continued. In  d iscussing  th e ir  
f in d in g s  the au tho rs po in ted  out t h a t ,  "These re s u l ts  would appear 
to  p resen t s t i l l  fu r th e r  evidence a g a in s t any simple s p e c if ic i ty  
h y p o th es is ."
In the p a s t f i f te e n  years F le ish m a n ,^  along w ith h is  
a sso c ia te s , has conducted a  large number of sy s te m a tica lly  re la te d  
s tu d ie s  concerning the genera l problem of ind iv idua l d iffe ren c e s  
and motor lea rn in g . His review of th e  inform ation re s u l tin g  from 
th ese  stud ies provides some important po in ts  which are re la te d  to
29Edwin A. Fleishman, " Ind iv idua l D ifferences and Motor 
L earning," in Learning and Ind iv idual D iffe ren ces, Robert M. Gagne 
(ed .)  (Columbus, Ohio: Charles E. M e rr il l  Books, In c ., 1967),  
pp. 174 and 182.
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th e  p resen t study. These p o in ts  a re  l i s te d  as follow s:
1. From in v es tig a tio n s  of more than 200 d if fe re n t  ta sk s
adm inistered to  thousands of su b je c ts , performance on 
th ese  task s has been accounted fo r  in  term s of a r e la t iv e ly  
sm all number o f  a b i l i t i e s .
2. Late stage measures o f d if fe re n t  p rac tic ed  ta sk s  have
a b i l i t i e s  in  common not found in  e a rly  stages o f th e  
same task .
The au thor was unable to  lo c a te  any s tu d ie s  done in  the  f i e ld  
o f physical education which have d e a lt s p e c if ic a lly  with the  a rea  of 
motor a b i l i t i e s  in  r e la tio n  to  p ra c tic e . Two were found which d e a lt  
w ith  the  question  of g e n e ra lity  o r s p e c if ic i ty  o f a b i l i ty  th a t  have 
in d ire c t  bearing  on th e  problem.
R obichaux^ in v es tig a ted  th e  re la tio n sh ip  between le v e ls  o f 
s k i l l  demonstrated in  p rev iously  learned  motor a c t iv i t ie s  and lea rn in g  
o f new gross motor s k i l l s .  She found s ig n if ic a n t  d iffe re n c e s , 
p a r t ic u la r ly  between high and low groups, in  performing newly learned  
motor s k i l l s .  A general observation  made in  th e  study was th a t  a 
h igher degree o f re la tio n sh ip  e x is ted  between sp o rts  a b i l i ty  and new 
s k i l l s  performance in  f i n a l  than i n i t i a l  performance.
In a recen t study, Oxendine-^ in v es tig a ted  th e  degree of
30Waldean A. Robichaux, "R elationship  Between Demonstrated S k i l l  
in  Performing Sports A c tiv i t ie s  and Learning New Gross Motor S k i l l ,"  
(unpublished D octor's d is s e r ta t io n ,  U niversity  o f Southern C a lifo rn ia , 
I960).
31Joseph B. Oxendine, "G enerality  and S p e c if ic ity  in  th e  Learning 
o f Fine and Gross Motor S k i l l s ,"  Research Q u a rte rly , XXXVIII (March, 
1967), 86-94.
g e n e ra lity  and s p e c if ic i ty  in  th e  lea rn in g  o f four motor s k i l l s  by 
ju n io r  high school s tu d en ts . His a n a ly s is  included a comparison of 
scores on a l l  ta sk s  a t th e  beginning and a t  sev era l p o in ts  along the  
lea rn in g  curves. C o rre la tio n s among mean performance scores fo r  
th e  th i r d  and f i f t h  p ra c tic e  day were computed. A fter th ree  days a 
low s ig n if ic a n t c o rre la t io n  was found between the  d isc  to s s  and 
m irro r tra c in g . No o th er c o rre la tio n s  were s ig n if ic a n t  a t  th a t  tim e. 
A fter f iv e  days th e  d isc  to s s  c o rre la te d  s ig n if ic a n t ly  w ith both 
m irro r tra c in g  and hopscotch perform ance. The author concluded th a t  
th e  concept o f s p e c if ic i ty  in  both lea rn in g  and performance of motor 
s k i l l s  was g en era lly  supported by th e  f in d in g s , but th e  appearance o f 
some low, but s ig n if ic a n t  c o rre la tio n s  seemed to  suggest a s l ig h t  
amount o f g e n e ra lity .
IV. SUMMARY OF RELATED LITERATURE
The study of motor lea rn in g  since th e  beginning of th e  20th 
century  has involved sev era l approaches in  an attem pt to  determine 
th e  nature  of in d iv id u a l d iffe ren c e s  in  a b i l i ty  to  le a rn  and perform 
f in e  and gross motor s k i l l s .  O rig ina l in v e s tig a to rs  he ld  the view 
th a t  th e re  was a  general fa c to r  o r  f a c to r s ,  p a r t ly  inna te  and p a r t ly  
acquired , which con tribu ted  to  th e  a b i l i ty  to  lea rn  and perform motor 
ta s k s . Tests were developed to  measure th i s  general a b i l i ty  and th e  
t e s t  r e s u l ts  were intended to  be used fo r  screening o f p o te n tia l ly  
good and poor le a rn e rs . Many f a c to r ia l  s tu d ies  were done to  is o la te  
th e  fa c to r  o r fa c to rs  which u n d erlie  motor a b i l i ty .  Although th e
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term inology d i f f e r s  s l ig h t ly ,  most o f th ese  s tu d ie s  re su lte d  in  the  
is o la t io n  o f fa c to rs  involving s tre n g th , ba lance , speed o f movement 
and a g i l i ty .
Research which attem pted to  c o rre la te  measures of motor a b i l i ty  
o r measures of th e  in d iv id u a l fa c to rs  w ith success in  th e  le a rn in g  
and performance of gross motor s k i l l s  has produced c o n flic tin g  
r e s u l ts .
Experimental evidence in  recen t years has ra th e r  c o n s is te n tly  
supported th e  view th a t  motor a b i l i ty  i s  ta s k  sp e c if ic . That i s ,  
in d iv id u a l d iffe ren ces  in  lea rn in g  and perform ing re s u l t  because 
c e r ta in  in d iv id u a ls  possess varying degrees o f th e  fa c to r  o r  fa c to rs  
th a t  a re  sp e c if ic  to  th e  ta sk  being performed.
A dditional d a ta  p e rta in in g  to  th e  problem strong ly  suggest 
th a t  th e  p a tte rn  o f a b i l i t i e s  determ ining p ro fic ien cy  in  psychomotor 
performance may change as a function  of p ra c t ic e .
At th e  beginning o f th e  Review o f L ite ra tu re  Chapter, the  
author s ta te d  th a t  th e  m a te ria l p resen ted  was p e r tin e n t fo r  providing 
a proper p ersp ec tiv e  o f th e  problem. In keeping w ith th a t  idea , i t  
seems app rop ria te  in  summary to  po in t out c e r ta in  g en e ra liza tio n s  
concerning p ast research  which might help  to  fu r th e r  c la r i f y  the  
problem as i t  now e x is ts .
1. When th e  f i r s t  t e s t s  to  measure motor a b i l i ty  in  gross
motor lea rn in g  were dev ised , the  t e s t  developers had to  
r e ly  on sub jec tive  judgment to  e s ta b lis h  v a l id i ty  of 
th e  t e s t  item s. L ater f a c to r ia l  s tu d ies  revealed  th a t
th e  fa c to rs  iso la te d  by s t a t i s t i c a l  procedures closely- 
resembled those  se lec te d  by th e  t e s t  developers. This 
would tend to  in d ic a te  th a t  th e  b asic  th ink ing  in  term s 
o f general motor a b i l i t y  t e s t s  was not i l lo g ic a l .
Acceptance o f th e  view o f g e n e ra li ty  o f a b i l i ty  has been 
thw arted , however, because of f a i lu r e  to  secure c le a rc u t 
p red ic tiv e  r e s u l ts  w ith such t e s t s .  Evidence gained 
from research  experiments w ith f in e  motor ta sk s  in d ic a te s  
th a t  th e  ta sk  fa c to rs  change in  t h e i r  percentage of 
involvement as the  lea rn ing  process continues. The 
question , then , of whether g e n e ra lity  o f s p e c if ic i ty  i s  
measured during th e  lea rn in g  stages of various ta sk s  
would depend upon dev ising  t e s t s  th a t  measure th e  fa c to rs  
which are  o f  paramount importance during th e  stage in  th e  
lea rn in g  process being considered.
The m ajo rity  o f evidence supporting th e  theory  of s p e c if ic i ty  
r e s u l ts  from experiments in  which th e  ta sk s  were somewhat 
lim ited  in  term s o f what i s  u su a lly  considered to  be a 
gross motor s k i l l .  For th e  most p a r t ,  they  seem to  involve 
p rim arily  phy sio lo g ica l fa c to rs  and do not f i t  th e  usual 
concept o f coordinated movements.
In th e  area o f f in e  motor lea rn in g  a g rea t deal o f  in s ig h t 
has been gained concerning what tak es place during the  
process of acqu iring  a motor s k i l l .  The f in d in g s , however, 
s t i l l  leave the  question  open to  controversy. One theory
re s u l tin g  from the fin d in g s  i s  th a t  w ith  t r a in in g  th e  
p a tte rn  o f a b i l i t i e s  a sso c ia te d  w ith th e  h a b its  being 
acquired becomes in c re a s in g ly  sp e c if ic  to  th e  ta s k . The 
im p lica tion  i s  th a t th e  b e s t p re d ic to rs  o f advanced 
performance a re  in t r a - ta s k  measures which r e f le c t  th ese  
sp e c if ic  a b i l i t i e s .  The opposite  v iew poin t, based on 
experim ental d a ta , i s  t h a t  a m u lt ip l ic i ty  o f fa c to rs  i s  
p resen t du ring  the  e a r ly  stages o f le a rn in g  and th a t  
c o rre la t io n s  between e a r ly  t r i a l s  o f two ta sk s  can be 
expected to  be low. As p ra c tic e  co n tinues , however, 
more in te r - ta s k  g e n e ra li ty  can be found.
CHAPTER I I I
PROCEDURE
I . INTRODUCTION
Eighty co lleg e  women p a r t ic ip a te d  as vo lun teer su b jec ts  in  
th e  study , which was conducted during the  l a s t  four weeks of th e  f a l l  
sem ester and th e  f i r s t  six; weeks o f the sp ring  sem ester of the  196?- 
68 academic year a t  Louisiana S ta te  U niversity .
The plan of th e  study was such th a t each sub ject met w ith the  
in v e s tig a to r  on s ix  separate occasions and during th e  t o t a l  of s ix  
m eetings the su b jec t performed a t o t a l  of tw en ty -five  t r i a l s  of each 
o f th re e  gross motor tasks which involved th e  basic  s k i l l s  of throwing 
fo r  speed and accuracy, h i t t in g  fo r  speed and accuracy, and k icking  
fo r  speed and accuracy. In perform ing each ta s k  the  sub ject was 
requ ired  to  throw a b a l l  a t a w a ll ta rg e t ,  h i t  a b a l l  a t  a w all 
t a r g e t ,  and kick a b a l l  a t a w a ll ta rg e t .  The number o f tim es the  
ta r g e t  had to  be h i t  was pre-determ ined and remained th e  same fo r  
each t r i a l ;  th e  score fo r any given t r i a l  was th e  amount of time i t  
took th e  subject to  h i t  the ta r g e t  the  req u ired  number o f tim es.
The data co llec ted  included tw en ty -five  scores fo r  each sub ject 
on each of th re e  ta s k s .  The t o t a l  group o f e igh ty  su b jec ts  was a lso  
broken down in to  fo u r a b i l i ty  groups fo r  a d d itio n a l a n a ly s is . In 
o rd er to  provide a sharper d iv is io n  between th e  groups, th e  top
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f i f te e n  scorers in  each group were used, and th e  bottom fiv e  were 
dropped. A b ility  was determined on th e  b a s is  o f i n i t i a l  performance, 
which was computed by to ta l in g  th e  scores of th e  f i r s t  f iv e  t r i a l s  on 
each ta sk .
S t a t i s t i c a l  treatm ent o f th e  d a ta  included the  computation of 
c o rre la tio n  c o e f f ic ie n ts  among th e  th ree  task s a t  various stages 
during the  p ra c tic e  period  fo r  th e  t o t a l  group of su b jec ts  and fo r  
th e  fo u r a b i l i ty  groups in each ta s k . The data  were fu r th e r  t re a te d  
by reg ress ion  a n a ly s is  to  determine th e  nature of the  performance 
tren d s  fo r  th e  t o t a l  group and th e  various a b i l i ty  groups in  each 
ta s k .
I I .  SELECTION OF SUBJECTS
Subjects fo r  th e  study were e igh ty  co llege  women stu d en ts , 
ranging in  age from 17 y ears , 10 months to  29 y ea rs , 5 months, who 
were en ro lled  in  p h y sica l education a c t iv i ty  c la sses  a t  Louisiana 
S ta te  U n iversity  during the  1967-68 academic y ear.
Students en ro lled  in  c la sse s  taught by th e  in v e s tig a to r , as 
w ell as those in  c la sse s  taught by o th e r  in s tru c to rs ,  were asked i f  
they  would be w illin g  to  p a r t ic ip a te  in  the  experim ent. Those who 
expressed a w illin g n ess to  p a r t ic ip a te  were then  consulted  in d iv id u a lly  
and a schedule was worked out w ith each student fo r  th e  p ra c tic e  
sess io n s .
I I I .  SELECTION OF TASKS
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In an experiment o f t h i s  k ind , th e  se le c tio n  o f ta sk s  to  be 
used i s  probably th e  most important fe a tu re . There were many fa c to rs  
which were considered before th e  f in a l  ta sk s  were se le c te d . Among 
th ese  fa c to rs  were d i f f ic u l ty ,  novelty  versus u t i l i t y ,  and th e  nature 
o f the  ta s k s .
1. D if f ic u lty .
I t  was im portant to  t r y  to  have th e  r ig h t  degree o f d i f f ic u l ty  
so th a t  an approxim ately normal d is t r ib u t io n  of scores could be 
ob tained . The ta sk  had to  be d i f f i c u l t  enough so th a t  no sub ject 
would reach capacity  performance in  ju s t  a few t r i a l s  and y e t not so 
d i f f i c u l t  th a t  poorer su b jec ts  could not make some p rog ress .
The ta sk s  o r ig in a lly  devised fo r  th e  study were te s te d  in  a 
p i lo t  study and found to  y ie ld  a range o f scores which was too narrow 
to  be o f a n a ly tic a l  va lue . They were rev ised  and re -ev a lu a ted  through 
te s t in g  o f a sm all sample o f su b je c ts . I t  was found th a t  the  rev ised  
ta sk s  seemed conducive to  providing a su ita b le  range o f sco res .
2. Novelty versus U t i l i ty .
In order to  avoid a d isp ro p o rtio n a te  amount o f in fluence  from 
e x tra - ta sk  experience, an attem pt was made to  keep th e  ta sk s  somewhat 
novel. I t  was f e l t ,  on the  o th er hand, th a t  th e  more s im ila r i ty  to  
sp o rts  s k i l l s  inheren t in  th e  ta s k s , th e  more valuable th e  r e s u l ts  
would be. An attem pt was made, th e re fo re , to  m aintain a balance 
between these  two fa c to rs .
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3 . Nature of th e  Tasks.
The fundamental makeup o f th e  task s used was, of course, a 
very in t r i n s i c  part o f th e  study. As p rev iously  mentioned, a primary 
considera tion  was given to  se le c tin g  task s which c lo se ly  resemble 
the s k i l l s  involved in  many sp o rts  a c t iv i t i e s .  The ta sk s  se lec ted , 
then , were in  keeping w ith th e  n a tu re  of sp o r ts  s k i l ls  and would f a l l  
w ithin th e  concept o f  such d e sc r ip tiv e  terms as gross m otor, sensory- 
motor, perceptual-m otor and coord ination  s k i l l s .
The most d i f f i c u l t  p a rt in  determ ining the  natu re  o f the 
task s to  be used was th a t  of r e la t in g  the se le c tio n  to  th e  basic  
problem being studied—th e  na tu re  of a b i l i t i e s  con tribu ting  to  the  
a c q u is itio n  o f s k i l l s .  Such questions arose a s  "How s im ila r  or 
d is s im ila r  should th e  th re e  ta sk s  be?", "Should there  be one fa c to r  
o r sev era l fac to rs  which underlie  performance o f the ta sk s? " , " I f  
there  i s  such a th ing  as general a b i l i ty ,  can i t  be iso la te d  and 
confined to  one area  such as 'throw ing fo r  accuracy1?"
Many of these questions a re  p e rtin en t to  the broad problem o f 
determ ining th e  natu re  o f a b i l i t i e s  involved in  the a c q u is itio n  of 
motor s k i l l s ,  but a re  beyond th e  scope of th e  p resen t study. The 
immediate problem was to  determ ine whether th e re  is  a c o rre la tio n  
between a b i l i t i e s  co n trib u tin g  to  performance o f th ree  g ross motor 
ta sk s . Subjective evaluation  o f th e  task s revealed th a t  they 
appeared to  be s im ila r  in  the  re sp ec t th a t th ey  a l l  involved the  
elements o f speed and accuracy. They also appeared to  involve th e  
fac to rs  o f s tren g th , reac tio n  tim e and speed o f movement. They were
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d is s im ila r  in  th a t one involved hand-eye co o rd in a tio n , ano ther fee t-ey e  
coord ination  and th e  th i r d  involved th e  added fe a tu re  o f a s tr ik in g  
implement.
IV. DESCRIPTION OF TASKS
The s ta tio n s  fo r  adm inistering  p ra c tic e  se ss io n s  o f th e  th re e  
ta sk s  were se t  up in  a  s l ig h t ly  la rg e r  than  normal handball cou rt 
which was 46 fe e t long , 26 fe e t  wide and approxim ately 50 f e e t  h igh.
The ta rg e ts  fo r  each ta s k  were p laced on th e  s ide  w all o f th e  co u rt, 
adjacent t o  each o th e r , but w ith adequate space between.
The th re e  experim ental ta s k s  e s s e n t ia l ly  involved th e  basic  
s k i l l s  o f throw ing, h i t t i n g  and k ick ing  fo r  speed and accuracy.
Because o f th e  co n d itio n s under which th e  ta sk s  were adm in istered , 
however, a  general b a l l  handling element was an in c id e n ta l  f a c to r  in 
perform ance. In a l l  th re e  ta sk s  th e  su b jec t was req u ired  to  re tr ie v e  
th e  b a ll  upon i t s  rebound from th e  w all and th is  d id  add somewhat to  
th e  com plexity of th e  ta s k . For the  sake o f ease in  d iscu ss in g  the 
ta sk s , however, they  w i l l  be re fe r re d  to  simply as Throwing, H ittin g , 
and K icking.
Task I ,  Throwing.
The sub ject stood  behind a  re s tra in in g  l in e  which was 12 fe e t
v.
from the w a ll .  On th e  w all was a 10 Inch square ta rg e t  which was 77 
inches from the  f lo o r  to  the  to p  o f the  t a r g e t .  Using an underhand 
throw, th e  sub jec t attem pted to  h i t  the  ta rg e t  te n  tim es w ith a
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rubber playground b a l l  7 inches in  d iam eter. The b a l l  could be 
allow ed to  bounce on th e  rebound from the w a ll or i t  could be caught. 
Only one b a l l  was used and had to  be r e tr ie v e d  by the su b ject i f  she 
was unable to  stop  i t  on th e rebound. I f  the b a l l  touched any part 
o f  the target^  i t  counted as a su c c e s s fu l h i t .  The score fo r  one 
t r i a l  was th e  t o t a l  tim e elap sed  from th e tim e th e  b a l l  f i r s t  h i t  th e  
w a ll  u n t i l  th e  b a l l  h i t  the ta r g e t  fo r  th e  ten th  tim e. (See Figure 1 .)
Task I I , H it t in g .
The sub ject stood behind a re s tra in in g  l in e  which was 12 fee t
from the w all. On th e  w all was a ta rg e t  2 fee t wide and 1^ fe e t high
which measured 53 inches from th e  f lo o r  to  th e  top of the  ta r g e t .
Using a wooden paddle and a te n n is  b a l l ;  th e  sub ject attem pted to  h i t  
th e  b a ll  in to  the ta rg e t  fiv e  tim es. The b a l l  had to  be bounced and 
h i t  to  s t a r t  the t r i a l ;  as i t  rebounded from the  w all th e  subject 
could choose to h i t  i t  as i t  bounced from th e  f lo o r  o r she could 
catch  the  b a l l  and bounce i t  again each tim e. I f  th e  sub ject lo s t  
co n tro l of the  b a l l ;  she had to  r e tr ie v e  i t  and resume h i t t in g .  I f  
th e  b a ll  touched any p a rt o f th e  ta rg e t  i t  counted as a successfu l h i t .  
The score fo r  one t r i a l  was th e  t o t a l  tim e elapsed from the  f i r s t  h i t  
u n t i l  the  b a l l  touched the  ta rg e t  fo r  th e  f i f t h  tim e. (See Figure 2 .)
Task I I I , K icking.
The sub ject stood behind a re s tra in in g  l in e  which was 12 fee t
from the w a ll. On th e  w all was a ta rg e t  which was 2 fe e t wide and
measured lg  fe e t  from the f lo o r  to  the  top o f th e  t a r g e t .  Using a
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FIGURE 1
ILLUSTRATION OF TESTING STATION FOR THROWING
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FIGURE 2
ILLUSTRATION OF TESTING STATION FOR HITTING
soccer b a l l ,  which was p laced on the f lo o r  behind th e  re s tra in in g  l in e  
a t  th e  s t a r t  o f the  t r i a l ,  th e  subject attem pted to  kick th e  b a l l  so 
th a t  i t  h i t  th e  ta rg e t  f iv e  tim es. The b a l l  could be kicked in  any 
manner and w ith e i th e r  fo o t . I f  the b a l l  rebounded back to  th e  
re s tra in in g  l in e ,  the  su b jec t could k ick  i t  again as soon as i t  
crossed  th e  r e s tra in in g  l in e  o r she could  stop i t  and k ick i t  from a 
s ta tio n a ry  p o s itio n  each tim e. I f  the  b a l l  did no t rebound back to  
th e  sub jec t and was w ith in  a 12 by 12 fo o t area d ir e c t ly  in  f ro n t of 
th e  ta r g e t ,  i t  had to  be re tr ie v e d  using  only th e  f e e t ;  i f  th e  b a l l  
went beyond th is  r e s t r i c te d  a rea , the su b jec t could re tr ie v e  i t  w ith 
th e  hands and bring  i t  back to  the re s tra in in g  l in e .  I f  the  b a l l  
touched any p a rt of th e  ta r g e t  i t  counted as a successfu l h i t .  The 
score fo r  one t r i a l  was th e  t o t a l  time elapsed from th e  f i r s t  kick 
u n t i l  th e  b a l l  h i t  the  ta rg e t  fo r  the f i f t h  tim e. (See F igure 3«)
In th e  case of a l l  th ree  ta sk s , i f  the sub jec t had s t i l l  not 
h i t  th e  ta rg e t  the  req u ired  number of tim es a f te r  th ree  m inutes had 
e lapsed , she was stopped and her score fo r  th a t  t r i a l  was th re e  
m inutes.
A ll fe a tu re s  o f th e  ta s k s , the  dim ensions, equipment, number 
of tim es to  h i t  the  t a r g e t ,  e tc . were determined on th e  b a s is  of 
t r i a l  and e r ro r  experim entation by th e  in v e s tig a to r .
V. COLLECTION OF DATA
When a l i s t  o f v o lu n teer su b jec ts  had been ob tained , the  
in v e s tig a to r  contacted from f if te e n  to  twenty sub jec ts  and s e t  up
FIGURE 3
ILLUSTRATION OF TESTING STATION FOR KICKING
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w ith each one a schedule fo r  p rac tic e  sess io n s . As these  su b jec ts  
f in ish e d  th e  required  number of t r i a l s  fo r  th e  experim ental period , 
o th e rs  were then  contacted and schedules worked out fo r  them.
There were sev era l fac to rs  considered in  working out a plan 
fo r  th e  p rac tic e  se ss io n s . F ir s t  and forem ost, th e  in v e s tig a to r  
wanted to  have as many su b jec ts  as p o ss ib le  and to  extend th e  number 
o f t r i a l s  fo r  as long as p o ss ib le . W ithin these  requirem ents, an 
attem pt was made to  schedule the  p ra c tic e  sessions on as n early  
consecutive days as p o ss ib le  and a t the  same tim e schedule the  
number of t r i a l s  a t  each session  so as to  avoid any undue e f fe c ts  o f 
fa tig u e  or boredom. P art o f the  ra t io n a le  o f the  study was th a t  
su b je c ts  w ith d if fe r in g  backgrounds of experience would approach the  
experim ental ta sk s  with d if fe r in g  methods of a tta c k . In o rd er to  
avoid d is ru p tio n  of th is  p a tte rn , th e  p ra c tic e  sessions fo r  each 
su b jec t were conducted w ith no one p resen t in  the  room except the  
sub jec t and th e  in v e s tig a to r . I t  was a lso  f e l t  th a t  any fa tig u e  or 
t r a n s fe r  e ffe c ts  from one ta sk  to  ano ther could be avoided by using 
a ro ta t in g  cycle throughout the  p ra c tic e  period .
When each sub ject s ta r te d  th e  experim ental period , she was 
f i r s t  shown th e  task  s ta tio n s  and given an explanation  of each ta sk  
and th e  method of scoring . At th e  f i r s t  session  th e  sub jec t was 
allowed to  t r y  each ta s k , before s ta r t in g  the  f i r s t  t r i a l ,  long enough 
to  get the  general idea o f th e  procedure. In each successive se ss io n , 
no p ra c tic e s  were given.
As prev iously  mentioned, an attem pt was made to  schedule the
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s ix  p ra c tic e  sessions fo r  each sub jec t so th a t  they  f e l l  on as c lo se  
to  consecutive days as p o ss ib le . The m ajo rity  o f su b jec ts  were ab le  
to  comply w ith not more than  one day separa ting  p ra c tic e  sess io n s .
In no case were th e re  more than four days separa ting  th e  se ss io n s .
I t  was th e  in v e s t ig a to r 's  observation  th a t  th e re  was no v is ib le  
d iffe ren ce  in  performance as a r e s u l t  o f  th e  spacing of th e  p ra c tic e  
se ss io n s .
The p lan  which was used fo r  adm inistering  tw en ty -five  t r i a l s  
of each of th e  th ree  task s to  each sub jec t included the  follow ing 
p a t te rn :
  F ir s t  Session ; performed th re e  t r i a l s  o f each task  in  t h i s
o rder— Throwing, H ittin g , K icking.
Second Session: performed th re e  t r i a l s  o f each ta sk  in  th is  
o rder—H ittin g , K icking, Throwing.
Third Session: performed fou r t r i a l s  o f each ta sk  in  t h i s  
o rder—Kicking, Throwing, H ittin g .
Fourth Session: performed f iv e  t r i a l s  o f each task  in  t h i s  
o rder—Throwing, H ittin g , Kicking.
F if th  Session: performed f iv e  t r i a l s  o f each task  in  th is  
o rd er—H ittin g , K icking, Throwing.
S ixth  Session: performed f iv e  t r i a l s  o f each task  in  th is  
o rder—Kicking, Throwing, H ittin g .
Since a l l  su b jec ts  made improvement by decreasing  th e  time 
requ ired  fo r  th e  t r i a l s  of each ta sk  toward th e  end of the  experim ental
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period , th e  fa c t th a t  they  performed more t r i a l s  in  th e  l a t e r  sessions 
did  not su b s ta n tia l ly  increase  the  o v e ra ll time requ ired  fo r  completing 
th e  sess io n .
VI. STATISTICAL ANALYSIS OF DATA
Previous research  has shown th a t ,  in  th e  case o f f in e  motor 
a b i l i t i e s ,  the  fa c to rs  c o n trib u tin g  to  performance change as the  
perform er goes through an extended period of p ra c tic e . There are  two 
view points as to  the  nature  o f th ese  fa c to rs . Some in v e s tig a to rs  
hypothesize th a t  the  fa c to rs  w i l l  become more sp e c if ic  to  th e  task  as 
p ra c tic e  continues] the  opposite viewpoint i s  th a t  i f  th e re  are g en era l 
f a c to r s ,  they  w il l  become more apparent as th e  perform er reaches h is  
u ltim ate  capacity  to  perform th e  ta s k .
In o rder to  t e s t  whether th ese  th e o rie s  apply to  performance 
o f gross motor ta s k s , the  da ta  were f i r s t  analyzed by computing 
c o rre la tio n  c o e f f ic ie n ts  among th e  th ree  ta sk s  on th e  f i r s t  and each 
successive odd-numbered t r i a l  during th e  experim ental period . I f  the  
c o rre la tio n s  increased  as p ra c tic e  continued, t h i s  would add support 
to  th e  theory  th a t  th e re  i s  a genera l fa c to r  involved in  th e  p erfo r­
mance of the  th re e  ta s k s . I f  th e  c o rre la tio n s  decreased toward the  
end of th e  p ra c tic e  period , t h i s  would support th e  theory  th a t  gross 
motor performance i s  sp e c if ic  to  th e  ta s k . I t  was believed  th a t t h i s  
would a lso  provide inform ation concerning th e  p a tte rn  o f th e  r e la t io n ­
sh ips among ta sk s  throughout a f a i r l y  lengthy  period  of p ra c tic e . I f
a s u b s ta n tia l  change was observed in  th e  c o e f f ic ie n ts  a t  various 
s tag es of p ra c t ic e ,  i t  could be assumed th a t  th e re  i s  a lso  some 
change in th e  fac to rs  c o n trib u tin g  to  performance. This same 
a n a ly s is , by c o rre la tio n  c o e f f ic ie n ts , was a lso  done fo r  four a b i l i ty  
groups which were determined on th e  b a s is  o f i n i t i a l  a b i l i ty  in each 
ta s k .
Of in te r e s t  in th e  study of g ross motor performance i s  the 
tre n d  which su b jec ts  e x h ib it in the  performance of each ta sk  and also 
th e  trend  ex h ib ited  by each subject in  the  performance o f  d iffe re n t 
ta s k s .  To ga in  some in s ig h t in to  th e  tren d s  involved in  th e  three 
experim ental ta s k s , the d a ta  were t r e a te d  by reg ress ion  an a ly s is . 
Regression a n a ly s is  was done to  determ ine the  e ffe c t  of tim e, or 
continued p ra c t ic e ,  upon performance in  each ta sk  and th e  re su ltin g  
tre n d s  were p lo tte d  to  provide a graphic d e sc rip tio n  of th e  p a tte rn s . 
T his an a ly sis  was done f o r  th e  t o t a l  group of sub jec ts and a lso  for 
th e  four a b i l i t y  groups.
In an attem pt to  o b ta in  as much inform ation about th e  gross 
motor lea rn in g  process as p o ss ib le , a  f in a l  treatm ent o f th e  data was 
made through m u ltip le  reg re ss io n  which determined th e  e f f e c ts  of a l l  
v a r ia b le s , tim e and the  o th e r  two ta s k s , upon performance in  each 
ta s k .  This method of a n a ly s is  was used only fo r  th e  t o t a l  group of 
su b je c ts .
The r e l i a b i l i t y  o f  th e  average o f th e  tw en ty-five  t r i a l s  fo r 
each of the th re e  tasks was expressed in  te rn s  of the  r e l i a b i l i t y  of
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a sing le  t r i a l  measurement. The Spearman-Brown p red ic tio n  formula 
as advocated by Winer^- was used to  accomplish t h i s .
^B. J .  Winer, S t a t i s t i c a l  P rin c ip le s  in  Experim ental Design 
(New York: McGraw-Hill Book Company, 1962), p . 127.
CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA
Data c o llec ted  fo r  th e  study included tw en ty -five  scores* in  
term s of seconds, fo r  each o f e igh ty  sub jec ts on each o f th ree  ta s k s . 
For purposes of general inform ation concerning th e  o v e ra ll  performance 
a comparison of th e  mean, standard dev ia tio n  and range fo r  each ta sk  
on T r ia l  1 and T r ia l  25 i s  p resen ted  in  Table I .  As v isu a l in spection  
re a d ily  re v e a ls , th e re  was considerable improvement in  the  g roup 's 
performance from th e  f i r s t  to  the  l a s t  t r i a l  in  a l l  th re e  ta sk s .
There was a lso  a considerable reduction  in  variance as p ra c tic e  on 
each ta sk  continued.
TABLE I
MEANS, STANDARD DEVIATIONS AND RANGES FOR THREE GROSS MOTOR TASKS 
ON TRIAL 1 AND TRIAL 25 FOR EIGHTY COLLEGE WOMEN
Throwing: H ittin g Kicking
M SD R M SD R M SD R
T r ia l  1 67.18 27.13 139 66.93 39.57 159 44.60 23.90 150
T r ia l  25 47.60 14.80 60 27.55 14.18 69 25.35 12.17 55
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I .  INTERCORRELATIONS AMONG THE THREE TASKS AT VARIOUS
STAGES OF PRACTICE
Pearson product-moment c o rre la tio n s  were computed among th e  
th re e  ta sk s  fo r  T r ia l  1 and each successive odd-numbered t r i a l  through 
25 fo r  th e  t o t a l  group of su b je c ts . The a n a ly sis  o f human performance 
i s  co n stan tly  concerned w ith th e  importance o f th e  c o n trib u tio n  made 
by each in d iv id u a l w ith in  a t o t a l  group o f su b je c ts . Although 
s t a t i s t i c a l  procedures enable in v e s tig a to rs  to  conveniently  in fe r  
from an a ly s is  o f th e  t o t a l  group, s ig n if ic a n t  inform ation i s  sometimes 
overlooked in  th e  p rocess. In an attem pt to  avoid m issing any 
inform ation concerning th e  experim ental problem, th e  d a ta  were fu r th e r  
analyzed in  th e  p rev iously  described  manner fo r  each of four groups 
determined on th e  b a s is  of i n i t i a l  a b i l i ty  in  each ta s k .
T o ta l Group
As shown in  Table I I ,  th e  in te rc o r re la t io n s  among ta sk s  
f lu c tu a te  q u ite  d ra s t ic a l ly  during an extended period  of p ra c tic e . 
Although th e  p a tte rn  i s  somewhat d if fe re n t  fo r  each s e t  of c o rre la te d  
ta s k s , they  a l l  ex h ib it th e  lowest c o rre la tio n s  a t  approxim ately th e  
middle p o in t o f th e  p ra c tic e  p e rio d .
The c o rre la tio n  c o e f f ic ie n ts  between throwing and h i t t in g  
e x h ib it th e  most co n sis ten t p a tte rn  throughout th e  p ra c tic e  period . 
T r ia ls  1-5 were s ig n if ic a n t ly  c o rre la ted  between th ese  two ta sk s  and 
although th e  c o rre la tio n  drops extremely low during th e  middle o f the  
p erio d , th e re  i s  s t i l l  a  s ig n if ic a n t c o rre la tio n  on T r ia l  25.
TABLE I I
INTERCORRELATIONS AMONG THREE GROSS MOTOR TASKS AT VARIOUS STAGES 
DURING PRACTICE FOR THE TOTAL GROUP OF SUBJECTS
T ria ls 1 5 7 11 13 i 15 17 19 21 23 25
Tasks
Throwing and 
H ittin g  .31**
Throwing and 
Kicking .06
H ittin g  and 
Kicking . 26*
.31** .32** .14 .09 
.04 .19 .08 - .0 7
- .1 1  . 22* - .0 2  - .0 2
.27* .03 ; .24* .47#*
.11 .11 j .07 .27*
.04 .09 - .1 0  .06
.32** .13 .28* .25*
.10 .17 .25* .30**
- .0 7  .25* .29** .31**
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The c o e ff ic ie n ts  between throwing and k ick ing  show a qu ite  
d if fe re n t  p a tte rn . On T r ia l  1 th e re  was a very low c o rre la tio n  and 
th is  re la tio n sh ip  remained approxim ately th e  same through the  
f i f te e n th  t r i a l .  By T r ia l  25, th e  c o rre la tio n  between th ese  two 
task s was s ig n if ic a n t a t  the  .01 le v e l .
As was the case w ith throwing and h i t t in g ,  the  c o rre la tio n  
between h i t t in g  and k icking  was a lso  s ig n if ic a n t ly  high on the 
f i r s t  t r i a l .  By T r ia l  3 , however, th e  re la tio n sh ip  exh ib ited  a 
negative tren d  and continued to  be a negative  o r very low p o s itiv e  
re la tio n sh ip  through T r ia l  19* The c o rre la tio n  began to  Increase 
on T r ia l  21 and continued to  increase  u n t i l  by T r ia l  25 i t  was 
s ig n if ic a n t  a t  th e  .01 le v e l.
A b ility  Groups
There were four a b i l i ty  groups determined fo r  each task  on 
the  b a s is  o f the  t o t a l  score fo r  th e  f i r s t  f iv e  t r i a l s .  In o rder to  
have a sharper break fo r  d iv id ing  th e  groups, th e  su b jec ts  with th e  
f i f te e n  h ighest scores in  each ta sk  were chosen fo r  Group I ;  the  next 
fiv e  su b jec ts  were skipped, and then th e  next f i f te e n  chosen fo r 
Group I I .  The same procedure was followed fo r  choosing Groups I I I  
and IV.
1 . Group I .
Table I I I  d ep ic ts  th e  c o rre la tio n  c o e f f ic ie n ts  among task s on 
every f i f t h  t r i a l  from 1-25 fo r  those  su b jec ts  who had th e  h ighest 
scores on i n i t i a l  performance in  throw ing, fo r  those  who had the
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TABLE I I I
INTERCORRELATIONS AMONG THREE GROSS MOTOR TASKS AT VARIOUS STAGES OF
PRACTICE FOR FIFTEEN COLLEGE WOMEN HAVING HIGHEST SCORES ON
INITIAL PERFORMANCE IN EACH TASK ,
GROUP I - THROWING
T ria ls .. I_ . . . . . .5 ...._ 10 3.5 20 25
Tasks
Throwing and H itting -.0 7 .12 .46 .28 ■ -.2 0 -.2 6
Throwing and Kicking .35 .05 - .0 6 - .0 9 -.1 6 - .0 9
H itting  and Kicking .39 .55* ... - .1 7  . .17 .82** ___ .23 _
GROUP I  -• HITTING
Throwing and H ittin g -.09 - .4 0 .17 .50 .50 .23
Throwing and Kicking -.25 .27 - .2 7 .11 .14 -.0 9
H ittin g  and Kicking - .2 2 - .0 7 - .1 1 .04 -.30 - .2 9
GROUP I  -• KICKING
Throwing and H ittin g .35 -.0 2 .13 .60* -.1 4 • 39
Throwing and Kicking .02 -.OS .31 .04 -.23 .03
H itting  and Kicking ... .33 .28 .52* -.1 9  . . - .4 2 .69**
r  .05 = .514 (*) r .01 = .641 (**)
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highest scores in  h i t t in g  and fo r  those who had the h ighest scores in  
k ick ing . As can be seen, th e  c o rre la tio n  p a tte rn  fo r  these  groups 
i s  a lso  ch arac te rized  by f lu c tu a tio n s  throughout the  p ra c tic e  period . 
There a re  two s ig n if ic a n t ly  high c o rre la tio n s  revealed in  th is  group. 
For those  sub jec ts  who were i n i t i a l l y  high perform ers in  throwing, 
th e  c o rre la tio n  between h i t t in g  and k ick ing  was .82 on th e  tw en tie th  
t r i a l  and fo r  those  who were i n i t i a l l y  high in  kicking th e re  was a 
c o rre la tio n  o f .69 on T r ia l  25 between h i t t in g  and k ick ing .
For those su b jec ts  who were i n i t i a l l y  p ro f ic ie n t  in  h i t t in g ,  
the  c o rre la tio n s  among a l l  th ree  ta sk s  are  e i th e r  negative  o r very 
low in  th e  p o s it iv e  d ire c tio n  throughout th e  e n tire  p ra c tic e  p e rio d . 
The only exception was a c o rre la tio n  of .50 between throwing and 
h i t t in g  on T r ia ls  15 and 20.
2. Group I I .
For those sub jec ts  having the  second h ighest scores on i n i t i a l  
performance, Table IV rev ea ls  th a t  th e  i n i t i a l l y  p ro f ic ie n t  in  
throwing had a c o rre la tio n  o f .73 between throwing and h i t t in g  on the  
f i f te e n th  t r i a l  and a c o rre la tio n  of .56 on th e  tw e n ty -f if th  t r i a l  
between h i t t in g  and k ick ing . The group w ith second h ighest scores in 
h i t t in g  showed s ig n if ic a n t  c o rre la tio n s  only between throwing and 
h i t t in g  on T r ia ls  15 and 20. C o rre la tions fo r  second h ighest group in 
k icking  were very low p o s itiv e  o r negative c o e ff ic ie n ts  during most of 
the  period  fo r  a l l  th ree  ta s k s .
TABLE IV
INTERCORRELATIONS AMONG THREE GROSS MOTOR TASKS AT VARIOUS STAGES OF
PRACTICE FOR FIFTEEN COLLEGE WOMEN HAVING SECOND HIGHEST SCORES
ON INITIAL PERFORMANCE IN EACH TASK
GROUP I I  - THROWING
T ria ls 1 5 10 .1 5 20 25
Tasks
Throwing and H ittin g .20 - .0 5 .21 .73** .33 .23
Throwing and Kicking -.2 5 .52* .07 - .2 8 - .0 2 .40
H ittin g  and Kicking -.0 5 - .3 4 • 43.. -,.44 -.2 6 .56*
GROUP I I  - HITTING
Throwing and H ittin g .06 .01 .14 . 65** .65** .11
Throwing and Kicking .37 - .1 2 .11 - .4 0 .21 -.2 3
H ittin g  and Kicking -.0 4 .31 .07 -.2 2 ..... ,33_ -.0 6
GROUP I I  - KICKING
Throwing and H ittin g .39 .14 -.0 8 .22 • 53* .17
Throwing and Kicking -.1 3 - .1 4 .14 - .2 1 -.16 - .0 1
H ittin g  and Kicking .29 -.2 5 .02 .-•P?...- - .0 1 - .0 2
r  .05 -  .514 (*) r  .01 = .641 (**)
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3 . Group I I I .
The only s ig n if ic a n t  c o rre la t io n s , d isp layed in  Table V, fo r  
su b jec ts  having th e  th i r d  h ighest scores on i n i t i a l  performance 
were in  th e  group w ith  the  th i r d  h ighest scores in  throwing. C orrela­
t io n s  o f .52 between throwing and h i t t in g ,  and ,60 between h i t t in g  
and k ick ing  occurred on th e  tw e n ty -f if th  t r i a l .  There was a lso  a 
c o rre la t io n  of .60 between h i t t in g  and k ick ing  on T r ia l  1.
4 . Group IV.
C orre la tions fo r  the  sub jec ts  who were i n i t i a l l y  poor perform ers 
in  a l l  th re e  task s were low p o s itiv e  o r negative  c o e ff ic ie n ts  in  a l l  
c a te g o rie s . The one exception was in  th e  group having lowest scores 
in  k ick in g . There were s ig n if ic a n tly  high c o rre la tio n s  between 
throwing and h i t t in g  on T r ia ls  1 and 5* as shown in  Table VI, page 6 l.
I I .  CURVILINEAR REGRESSION ANALYSIS
The design o f th i s  in v e s tig a tio n  was such th a t  sub jec ts  came 
on s ix  d if fe re n t  occasions and repeated , tw en ty-five  tim es, the  
performance of th ree  gross motor ta s k s . No in s tru c tio n  was given the 
su b jec ts  concerning th e  s k i l l s  involved, nor were any suggestions 
made about th e i r  performance during th e  experim ental period . The only 
v a ria b le  ac ting  upon th e i r  performance from t r i a l  to  t r i a l  was tim e 
o r p ra c t ic e .
In order to  determine th e  b e s t f i t t i n g  curves to  describe  
performance trends o f sub jec ts  in  t h i s  study on the  th re e  ta s k s , the
TABLE V
INTERCORRELATIONS AMONG THREE GROSS MOTOR TASKS AT VARIOUS STAGES OF
PRACTICE FOR FIFTEEN COLLEGE WOMEN HAVING THIRD HIGHEST SCORES
ON INITIAL PERFORMANCE IN EACH TASK
GROUP I I I  - THROWING
T ria ls 1 5 10 15 20 25 .
Tasks
Throwing and H ittin g - .0 4 - .2 2 -.1 4 .16 .34 .52*
Throwing and Kicking -.2 0 - .2 8 -.1 2 - .3 5 .04 .41
H ittin g  and Kicking .60* .16 .40 .12 -.01 .60*
..............................—  - ..............................  -
GROUP I I I  -• HITTING
Throwing and H ittin g - .1 5 - .0 1 .00 .04 -.13 .34
Throwing and Kicking .14 .22 .03 .10 .42 .36
H ittin g  and Kicking -.33 - .0 4 .35 . - .2 7 -.04 .05  ....
GROUP I I I  -■ KICKING
Throwing and H ittin g - .2 8 •44 .13 .29 .21 .24
Throwing and Kicking .03 .23 .04 - .0 2 .04 .03
H ittin g  and Kicking .50 - .3 8 .46 - 3 0 .00 .14
r  .05 = .514 (*) r  .01 = .641
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TABLE VI
INTERCORRELATIONS AMONG THREE GROSS MOTOR TASKS AT VARIOUS STAGES OF
PRACTICE FOR FIFTEEN COLLEGE WOMEN HAVING LOWEST SCORES ON
INITIAL PERFORMANCE IN EACH TASK
GROUP IV - THROWING
T ria ls 1 5 10 15 20 25
Tasks
Throwing and H ittin g .36 .33 .21 - .1 4 .25 .14
Throwing and Kicking .13 - .1 9 -.2 2 - .0 5 -.21 .21
H ittin g  and Kicking .17 -.1 0 - .2 9 -.5 1 -.16 . __.Q5_
GROUP IV - HITTING
Throwing and H ittin g .12 .28 .32 .10 .01 .05
Throwing and Kicking - .1 0 .13 - .0 6 - .0 8 -.45 .35
H ittin g  and Kicking - .1 8 *15 —  09 -.43 .29 .40
GROUP IV - KICKING
Throwing and H ittin g .67** .55* .44 .26 .07 .12
Throwing and Kicking -.0 3 .35 - .4 7 .11 —.48 .03
H ittin g  and Kicking - .1 8 • 51 - .2 6 - f£7 . .12 *.4L_
r  .05 = . 514 (* )  r  .01 = .641 (**)
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data  were t r e a te d  by c u rv ilin e a r  reg re ss io n . A procedure commonly 
known as th e  stepwise approach was employed fo r  th is  a n a ly s is . In 
t h i s  procedure, a reg ress io n  model including l in e a r ,  q u ad ra tic , and 
cubic terms was f i r s t  applied  to  the  da ta ; then , th e  le a s t  s ig n if ic a n t 
term was p ro g ressiv e ly  e lim inated . The inform ation obtained from 
t h i s  a n a ly sis  included the  follow ing:
1. A s t a t i s t i c a l  t e s t  o f s ig n ifican ce  of th e  natu re  of the
reg ress io n  curve; th a t  i s ,  whether i t  was l in e a r ,  
q u ad ra tic , o r cubic.
p2. An R , which i s  th e  p roportion  of th e  v a r ia tio n  th a t  is  
______   accounted, fo r  by th e  model. I t  i s  th e  r a t io  of the
reg ress io n  sum of squares to  th e  t o t a l  sum of squares 
and i s  shown as a percentage f ig u re .
3. The reg ress io n  equation .
For purposes o f d iscussing  th e  re s u ltin g  tren d s  in  performance, 
only th e  graphic d e sc rip tio n  o f the  d a ta  i s  p resen ted  in  th e  main 
body of th e  paper; th e  o th er inform ation appears in  th e  Appendix.
Graphic d e sc rip tio n  of performance tren d s i s  presented in  the  
follow ing ways:
1. Performance o f the  t o t a l  group of e igh ty  sub jects in  each
ta s k .
2. A b ility  Groups
Four a b i l i ty  groups were formed in  each of the  th re e  gross 
motor s k i l l s  o f throw ing, h i t t in g  and k ick ing , as fo llow s:
a . Performance o f the  f i f te e n  sub jec ts  in each task  who had 
th e  b e s t i n i t i a l  scores in  th a t  ta sk . (Group I)
b. Performance o f th e  f i f te e n  sub jec ts  who had th e  second 
b est i n i t i a l  scores in  th a t  ta s k . (Group I I )
c . Performance of the  f i f te e n  su b jec ts  who had th e  th ird  
best i n i t i a l  scores in  th a t  ta s k . (Group I I I )
d. Performance o f th e  f i f te e n  sub jec ts  who had the  poorest 
i n i t i a l  scores in  th a t  ta s k . (Group IV)
Same sub jec ts in  a l l  th re e  ta sk s
a . For th e  f i f te e n  sub jec ts who had the  b est i n i t i a l  scores 
in  throwing, performance tren d s  a re  shown fo r  th e i r  
h i t t in g  and k ick ing  performance. (The same d esc rip tio n  
ap p lies  fo r  th e  f i f te e n  sub jec ts  who had th e  h ighest 
scores in  h i t t in g  and fo r  those who had th e  h ighest 
scores in  k ick in g .)
b. For the  f i f te e n  su b jec ts  who had th e  second b e s t scores in  
throwing, trends are  shown fo r  t h e i r  h i t t in g  and k icking  
performance. (The same d esc rip tio n  ap p lies  fo r  the  
f i f te e n  sub jec ts  who had th e  second best scores in  
h i t t in g  and fo r  those who had th e  second b e s t scores in  
k ick in g .)
c . For th e  f i f te e n  sub jec ts  who had th e  th ird  b e s t scores in  
throwing, trends are  shown fo r  th e i r  h i t t in g  and kicking 
performance. (The same d e sc rip tio n  ap p lies  fo r  the
f i f te e n  su b je c ts  who had th e  th i r d  b est sco res in  
h i t t in g  and fo r  those  who had th e  th ird  b e s t scores in  
k ick in g .)
d. For th e  f i f te e n  su b jec ts  who had th e  lowest scores in  
throw ing, tre n d s  a re  shown fo r  t h e i r  h i t t i n g  and k ick ing  
perform ance. (The same d e sc r ip tio n  ap p lie s  fo r  th e  
f i f te e n  su b je c ts  who had th e  poo rest scores in  h i t t in g  
and fo r  those  who had th e  poorest in  k ic k in g .)
T o ta l Group
Figure 4 shows th e  performance tren d  fo r  a l l  su b jec ts  on each 
o f th e  th re e  ta s k s . The reg re ss io n  model which b e s t described  th e  
e f f e c ts  o f time on performance in  throwing was s ig n if ic a n t ly  quadratic^  
fo r  h i t t i n g  i t  was s ig n if ic a n t ly  cubicj and, f o r  k ick ing  i t  was 
s ig n if ic a n t ly  q u ad ra tic . A v isu a l exam ination of th e  performance 
p a tte rn s  rev ea ls  th a t  th e  tre n d  fo r  th e  t o t a l  group in  both throw ing 
and k ick ing  was very s im ila r .  Both were c h a rac te rize d  by a steady  
improvement in  scores u n t i l  about th e  l a s t  e ig h t t r i a l s ,  a t  which po in t 
th e  performance lev e led  o f f .  The a c q u is itio n  p a tte rn  in  h i t t in g  
in d ica ted  a  more sharp ly  defined  i n i t i a l  improvement s ta g e , w ith a 
le v e lin g  o f f  during th e  middle of th e  p ra c tic e  period  and a second 
improvement stage in  th e  l a s t  f iv e  t r i a l s .
A b il i ty  Groups in  Each Task
1. Throwing.
An an a ly s is  o f th e  performance tren d  in  throwing when broken
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down in to  a b i l i ty  groups i s  shown in  F igure 5* The best f i t t i n g  curve 
to  describe performance of th e  sub jects who had th e  h ighest i n i t i a l  
scores in t h i s  ta sk  was s ig n if ic a n tly  quad ra tic ; f o r  sub jects w ith th e  
second h ighest scores, i t  was cubic and q u ad ra tic ; fo r  sub jec ts with 
the  th ird  h ighest sco res , i t  was quadra tic  and l in e a r ;  and fo r  
sub jects w ith th e  lowest scores i t  was l in e a r .  V isual inspection  of 
th e  curves rev e a ls  th a t  th e re  was an appreciable separa tion  between
th e  four groups a t  th e  s ta r t  of the  experim ental period  and th a t  th i s
gap was narrowed considerably a t  the  end of the p e rio d , p a r t ic u la r ly  
fo r  th e  bottom th re e  a b i l i ty  groups. Group I  e x h ib its  the  le a s t  
amount of change from T ria ls  1 to  25, w hile Group IV shows a constant 
and appreciable  increase  in  p ro fic ien cy . Groups I I  and I I I  s ta r te d
th e  period w ith a f a i r ly  la rg e  separa tion  between them, but by the
tw e n ty -f if th  t r i a l  were almost a t  the  same p o in t. Both of these  
groups show more f lu c tu a tio n  in  performance p a tte rn s  than Groups I 
and IV.
2. H ittin g .
Figure 6, page 68, d e p ic ts  th e  performance curves fo r  the  four 
a b i l i ty  groups in  h i t t in g ,  which were s ig n if ic a n t ly  quadra tic  fo r  
sub jects w ith th e  h ighest i n i t i a l  sco res; l in e a r  f o r  sub jects with the  
second h ighest scores; quadra tic  and l in e a r  fo r  su b jec ts  w ith the  th i r d  
h ighest sco res ; and l in e a r ,  q u ad ra tic , and cubic f o r  sub jects with th e  
lowest i n i t i a l  scores. As was tru e  w ith throwing, th e  groups were 
i n i t i a l l y  separated  by a f a i r l y  wide range which narrowed as p ra c tic e
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continued. In th is  ta sk  th e  performance p a tte rn s  fo r  Groups I and 
I I  were q u ite  s im ila r , both showing s l ig h t  but steady increases in 
p ro fic ien cy . Group I I I  showed a steady improvement in  scores fo r  the  
f i r s t  h a lf  of the  p e rio d , began to  le v e l  o ff  and then s ta r te d  a 
s l ig h t  drop in  p ro fic ien cy  on th e  l a s t  few t r i a l s .  Group IV was 
ch arac te rized  by immediate and d ra s t ic  improvement during th e  f i r s t  
ten  t r i a l s ,  then th e i r  performance s ta r te d  a lev e lin g  o f f  tren d , but 
showed fu r th e r  increase  in  p ro fic iency  over th e  l a s t  f iv e  t r i a l s .
3 . Kicking.
Performance in  k icking  was described  by a  s t a t i s t i c a l l y  
s ig n if ic a n t quad ra tic  trend  fo r  sub jec ts  w ith th e  h ighest i n i t i a l  
sco res; a l in e a r  trend  fo r  su b jec ts  w ith th e  second h ighest scores; 
a l in e a r ,  quadratic  and cubic tren d  fo r  su b jec ts  w ith the  th ird  
h ighest sco res; and a l in e a r  tren d  fo r  su b jec ts  w ith the  lowest 
i n i t i a l  scores. As shown in  Figure 7, th e  performance p a tte rn  fo r  
Group I  was ju s t  about th e  same in k icking  as i t  was fo r  the  o th er two 
ta s k s . Group I I  had th e  most c o n s is ten t p a tte rn , which ind icated  
steady , but only s l ig h t  changes from one t r i a l  to  another. The 
p a tte rn  fo r  sub jec ts  in  Group I I I  i s  ch arac te rized  by the  p la teau  
e f f e c t ,  with a second improvement stage in  th e  l a s t  f iv e  t r i a l s .  The 
performance of Group IV was ind ica ted  by a co n sis ten t and su b s ta n tia l 
increase  in p ro fic iency  from T r ia l  1 to  T r ia l  25.
Same Subjects in  A ll Three Tasks
Figure 8, page 71, shows the  p a tte rn  w ith which su b je c ts , who
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were the  b e s t i n i t i a l  perform ers in  throw ing, performed on a l l  th ree  
ta s k s .  As can be seen, the  p a tte rn  d iffe re d  w ith each ta s k . The 
throwing trend  was s ig n if ic a n tly  qu ad ra tic ; th e  h i t t in g  curve had 
l in e a r ,  quadratic  and cubic e f fe c ts ;  and the  k ick ing  curve was 
l in e a r .  The curves fo r  these  sub jec ts  in d ica te  th a t th e re  was a 
short time e a rly  in  th e  p rac tic e  period  when th e i r  throwing p e rfo r­
mance f e l l  o f f ,  but i t  then continued to  show a steady but s l ig h t  
improvement. H ittin g  performance fo r  t h i s  group was i n i t i a l l y  
ra th e r  poor but showed immediate improvement which lev e led  o f f  in  the  
middle of the  period  and then s ta r te d  a second stage o f improvement. 
Kicking performance evidenced a constan t increase  in  p ro fic ien cy .
At th e  end of tw en ty -five  t r i a l s  fo r  a l l  th re e  ta s k s , the  sub jec ts  in  
th i s  group were s t i l l  exh ib iting  a tendency to  improve performance or 
to  le v e l o f f .
Subjects who had the second h ighest i n i t i a l  scores in  throwing 
a lso  ind icated  d if fe re n t  a c q u is itio n  p a tte rn s  fo r  a l l  th ree  ta sk s  as 
shown in Figure 9* Their h i t t in g  performance was s ig n if ic a n tly  
l in e a r  and quadra tic  and th e i r  k ick ing  performance was s ig n if ic a n tly  
l in e a r ,  quadratic  and cubic. Both p a tte rn s  showed e a rly  improvement 
and began to  le v e l  o ff  a t  about th e  same p o in t, but th e  h i t t in g  
performance showed a drop in  p ro fic ien cy  in  the  l a t e r  t r i a l s  and the  
k ick ing  performance showed a second improvement s tag e . The throwing 
curve fo r  th i s  group, which was s ig n if ic a n t ly  quadra tic  and cubic, 
i s  charac terized  by a ra th e r  slow i n i t i a l  improvement. From T ria l 5
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to  T r ia l  20, th e  performance in d ic a te s  a steady  and su b s ta n tia l  
improvement which dropped o f f  during th e  l a s t  f iv e  t r i a l s .
Figure 10 in d ic a te s  th a t  su b je c ts  w ith th e  th i r d  h ighest 
i n i t i a l  scores in  throwing had a s ig n if ic a n t ly  l in e a r  and quadra tic  
throwing curve, l in e a r  and qu ad ra tic  k icking  curve and a l in e a r  
h i t t in g  curve. T heir h i t t in g  performance was c h a rac te rize d  by a 
constan t and very  s u b s ta n t ia l  improvement in  scores from T r ia l  1 to  
T r ia l  25. Although they  a lso  showed s u b s ta n t ia l  improvement in 
throwing and k ick in g , t h i s  tren d  lev e led  o f f  and in d ica ted  a s l ig h t  
decrease in  p ro fic ien cy  toward th e  end of th e  p ra c tic e  p e rio d .
S ubjects who s ta r te d  out as th e  poorest perform ers in  throwing 
had a s ig n if ic a n t ly  l in e a r  tren d  in  th e  a c q u is itio n  o f t h i s  s k i l l ,  as 
shown in  Figure U ,  page 76. T heir h i t t in g  performance showed 
s ig n if ic a n t  l in e a r ,  quad ra tic  and cubic e f fe c ts  and t h e i r  performance 
in  k icking  was s ig n if ic a n t ly  l in e a r  and q u a d ra tic . As th e  performance 
curves show, th e re  was no s im ila r i ty  in  the  a c q u is itio n  p a tte rn s  of 
th e  th re e  s k i l l s  fo r  t h i s  group o f  su b je c ts .
When scores fo r  th e  su b jec ts  who had th e  h ighest i n i t i a l  scores 
in  h i t t in g  were analyzed fo r  a l l  th re e  ta s k s , th e  r e s u l ts  showed a 
s im ila r i ty  in  performance p a tte rn s . As shown in  Figure 12, page 77, 
t h e i r  throwing curve was s ig n if ic a n t ly  l in e a r ;  h i t t in g  was q u ad ra tic ; 
and k ick ing  was l in e a r  and q u a d ra tic . A ll th re e  curves-show a 
c o n s is te n t tendency toward increased  p ro fic ien c y , w ith only the 
k ick ing  curve in d ic a tin g  a le v e lin g  o f f  fe a tu re .
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Subjects second h ighest in  i n i t i a l  h i t t in g  performance a lso  
ind ica ted  a s im ila r ity  in  th e  general p a tte rn  o f performance curves. 
F igure 13 shows th e i r  throwing performance to  be s ig n if ic a n tly  
q u ad ra tic , h i t t in g  to  be l in e a r  and k ick ing  to  be l in e a r  and cubic . 
T heir scores in  a l l  th re e  task s showed a s l ig h t  but gradual improve­
ment as p ra c tic e  continued, w ith only th e  k ick ing  scores in d ica tin g  
a drop in  p ro fic iency  in  the  l a s t  few t r i a l s .
Figure 14, page 80, d ep ic ts  th e  performance tren d s  fo r  th e  
sub jec ts  with th e  th ird  h ighest i n i t i a l  scores in  h i t t in g .  Their 
throwing trend  was s ig n if ic a n tly  l in e a r  and quadra tic  and i s  c h arac te r­
ized by ea rly  improvement which changes during the  l a s t  few t r i a l s  to  
a le s s  p ro f ic ie n t performance. The h i t t in g  tren d  was s ig n if ic a n t ly  
l in e a r  and quadra tic  and s im ila r  in  p a tte rn  to  th e  throwing tre n d .
For k ick ing , however, t h i s  group showed a s ig n if ic a n t ly  l in e a r  curve, 
w ith c o n sis ten t improvement throughout th e  p ra c tic e  period .
The curves fo r those sub jec ts  i n i t i a l l y  poorest in  h i t t in g  are 
a l l  ch arac te rized  by f lu c tu a tio n s  in  d ire c tio n  as shown in Figure 15, 
page 81. The throwing and h i t t in g  tren d s  both had l in e a r ,  quadra tic  
and cubic e f fe c ts ,  while the  kicking tren d  was s ig n if ic a n tly  cubic.
A ll th ree  p a tte rn s  show a sharp i n i t i a l  improvement in  scores w ith a 
p la teau  e ffe c t in  th e  middle of th e  p ra c tic e  period  and then another 
improvement trend  in  th e  l a t e r  t r i a l s .
Figure 16, page 82, shows very s im ila r  performance curves fo r  
su b jec ts  who had the  h ighest i n i t i a l  scores in  k ick ing . Their 
performance on a l l  th ree  ta sk s  was ch arac te rized  by co n sis ten t
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improvement from T r ia l  1 to  T r ia l  25* The throwing and h i t t in g  curves 
were both s ig n if ic a n t ly  l in e a r  and k ick ing  was q u ad ra tic .
Subjects who had th e  second h ighest i n i t i a l  scores in  k ick ing  
showed s ig n if ic a n t  l in e a r  tren d s  fo r  both throw ing and k ick ing  as 
revealed  in  Figure 17. T heir h i t t in g  curve, however, had l in e a r ,  
q u ad ra tic  and cubic e f f e c ts .
Subjects who had th e  th i r d  h ighest i n i t i a l  scores in  k ick ing  
had reg re ss io n  curves which were l in e a r  and q u ad ra tic  fo r  throw ing; 
and l in e a r ,  quad ra tic  and cubic fo r  both h i t t in g  and k ick in g . All 
th re e  curves were ch a rac te rized  by a tendency to  le v e l  o f f  in  the  
middle o f th e  p ra c tic e  period . As revealed  in  Figure 18, page 85, 
th e  throwing and h i t t in g  performance in d ica ted  a lo ss  in  p ro fic ien cy  
a t  th e  end of th e  p e rio d , while th e  k ick ing  performance shows a 
second improvement stage in  th e  l a t e r  t r i a l s .
The i n i t i a l l y  poor k ick e rs  showed a tendency toward c o n sis ten t 
and s u b s ta n t ia l  improvement in  th a t  s k i l l  as in d ica ted  by th e  s ig n i­
f ic a n t ly  l in e a r  curve shown in  Figure 19, page 86. T heir throwing 
curve was l in e a r  and q u ad ra tic  w ith a s l ig h t  decrease in  p ro fic ien cy  
in  th e  l a s t  few t r i a l s .  The h i t t in g  curve had l in e a r ,  qu ad ra tic  and 
cubic e f f e c ts ,  w ith a second improvement stage a t  th e  end of th e  p rac­
t i c e  p erio d .
I I I .  MULTIPLE REGRESSION ANALYSIS
Data fo r  a l l  su b jec ts  were a lso  t r e a te d  by m u ltip le  reg ress io n  
a n a ly s is  to  in v e s tig a te  th e  ex ten t to  which a l l  fa c to rs  accounted fo r
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variance  in  th e  performance of each ta s k . The experim ental v a ria b le s  
which could a c t to  a f fe c t  th e  v a r ia tio n  in  performance o f each task  
were tim e, o r continued p ra c tic e  o f th a t  ta s k , and th e  sim ultaneous 
continued p ra c tic e  of each o f th e  o th e r  two ta s k s . The m u ltip le  
reg ress io n  a n a ly s is  serves to  p inpo in t th e  e f fe c ts  o f th e  independent 
v a ria b le s  upon th e  variance o f th e  dependent v a ria b le  and th e  
in v e s tig a to r  f e l t  th a t  t h i s  would help  to  provide a d d it io n a l  informa­
t io n  concerning th e  re la tio n sh ip  of performance on th e  th re e  experimen­
t a l  ta s k s .
The independent v a ria b le s  used fo r  the  an a ly s is  o f each ta sk  
a re  as fo llow s:
Throwing H ittin g
= ThrowingX^ = H ittin g
X2 = Kicking
X-j = T r ia l  number (1-25)
X2 = Kicking 
X  ^ = T r ia l  number
Kicking 
Xx = Throwing 
X2 = H ittin g
X^ = T r ia l  number squared* Xi = T r ia l  number
squared*
X  ^ = T r ia l  number
X, = T r ia l  number 
squared*
*This was th e  q u ad ra tic  term  needed to  complete the  reg ress io n  
equation :
y = b ^  + bgXg + b3X3 + b4X32
The stepw ise approach was a lso  used fo r  th is  a n a ly s is , and i t  
involved the  a p p lic a tio n  f i r s t  o f  a l l  fou r term s w ith subsequent 
d e le tio n  of th e  le a s t  s ig n if ic a n t  term .
In te rp re ta tio n  o f th e  r e s u l ts  o f t h i s  a n a ly s is , shown in 
Table V II, involves an examination o f th e  R2 a t  th e  va rious step s in
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th e  a n a ly s is . The R2 i s  th e  r a t io  o f th e  reg ression  sum of squares 
to  th e  t o t a l  sum of squares and rep resen ts  the  amount o f v a ria tio n  
th a t  i s  accounted fo r  by th e  reg ression  model. By examining the  
changes which occur in  th e  R2 as c e r ta in  terms are d e le ted  from the 
model, th e  s ig n ifican ce  of those independent v a riab le s  in  accounting 
fo r  variance of th e  dependent v a riab le  can be obtained.
TABLE VII
MULTIPLE REGRESSION ANALYSIS OF PERFORMANCE ON THREE GROSS MOTOR
TASKS BY EIGHTY COLLEGE WOMEN
Throwing Hitting.. Kicking
Items R2 Items R2 Items R2
H ittin g
Kicking
T r ia l
T r ia l  squared 11.29
Throwing
Kicking
T ria l
T r ia l  squared 14.87
Throwing
H ittin g
T r ia l
T r ia l  squared 9.45
H ittin g
Kicking
T r ia l 10.96*
Throwing ,
Kicking
T ria l 14.39*
H ittin g
T r ia l
T r ia l  squared 8.97
H ittin g
T r ia l 10.41*
Throwing
T ria l 13.52*
H ittin g
T r ia l 8.17*
H ittin g T ria l 8.71* T r ia l 6.82*
* (P > .0 5 )
A nalysis of throwing performance shows th a t  th e  regression  
model including a l l  four terms produced an R2 which was not s ig n if ic a n t , 
in d ica tin g  th a t th e  con tribu tion  of these  terms was obscured w ith th is  
model. When th e  quadra tic  term ( t r i a l  squared) was d e le ted , however,
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the  reduction  in  th e  R  ^ was le s s  than 1 per cen t, and th e  remaining 
R^ was s ig n if ic a n t.  VJhen th e  k ick ing  term was d e le te d , the  reduction  
in  R  ^ was s t i l l  le s s  than 1 per cent which in d ic a te s  th a t  the 
co n trib u tio n  of t h i s  term was very s l ig h t .  The f in a l  step  in  th e  
a n a ly sis  shows th a t  the  h i t t in g  term accounted fo r  the  la rg e s t amount 
o f v a r ia tio n  in throwing performance and th a t th is  co n trib u tio n  was 
s t a t i s t i c a l l y  s ig n if ic a n t . A nalysis of h i t t in g  and kicking  performance 
revealed th a t  the  term  which accounted fo r  the  la rg e s t  amount o f 
v a r ia tio n  in  both cases was th e  t r i a l  number.
I t  should be pointed out th a t  in  th e  th i r d  step  of the  
an a ly sis  fo r  a l l  th re e  task s the  R  ^ i s  s ig n if ic a n t and th a t i t  has not 
been reduced much from what i t  was in  the  f i r s t  s te p . This in d ica te s  
th a t  th e  two terms in  the  model a t t h i s  stage a re  accounting fo r  most 
of the  v a r ia tio n . The im plica tions of these  r e s u l ts  are th a t  i f  the  
score fo r  a given sub ject fo r  h i t t in g  on a c e r ta in  t r i a l  were known, 
h is  score fo r  throwing could be p red ic ted  with some degree of 
accuracy; i f  h is  score fo r  throwing on a c e r ta in  t r i a l  were known, 
h is  score could be p red ic ted  fo r  h i t t in g ;  and i f  h is  score fo r  
h i t t in g  on a c e r ta in  t r i a l  were known, h is  score could be p red ic ted  
fo r  k ick ing .
IV. RELIABILITY1
Scores fo r  sub jec ts on each of th e  th ree  ta sk s  were tre a te d  by 
ap p lica tio n  of the  Spearman-Brown p red ic tio n  formula to  determine the
r e l i a b i l i t y  o f  the d a ta . This re s u l te d  in r e l i a b i l i t y  c o e ff ic ie n ts  
of .931 Tor throwing, .910 fo r  h i t t i n g ,  and .916 fo r  k ick ing . Conse­
quently, performance o f th e  sub jec ts in  a l l  th re e  tasks was considered 
to  be h igh ly  re l ia b le .
CHAPTER V
SUMMARY, DISCUSSION OF FINDINGS, AND CONCLUSIONS
I . SUMMARY
It was th e  purpose o f th is  study to  determine whether the  
n a tu re  of a b i l i t i e s  requ ired  in the performance o f th ree  gross motor 
ta s k s  was genera l or sp e c if ic  as in d ica ted  by the  re la tio n sh ip s  
among the ta s k s  a t various stages o f p ra c t ic e . I t  was a secondary 
purpose of th e  study to  analyze a c q u is itio n  curves to  determine 
whether su b jec ts  with d if fe re n t  le v e ls  o f i n i t i a l  a b i l i ty  in  each 
ta s k  showed d if fe re n t  tren d s  in the a c q u is itio n  of th a t  s k i l l .  An 
a n a ly s is  was a lso  made o f a c q u is itio n  p a tte rn s  in  a l l  th re e  task s  
o f  sub jects r a te d  high, average, o r low on i n i t i a l  a b i l i ty  in  one 
ta s k .  (For example: reg ress io n  curves were determined fo r  throwing 
performance, h i t t in g  performance and k ick ing  performance fo r  the 
f i f te e n  su b jec ts  who had th e  highest i n i t i a l  scores in  throwing; 
f o r  those who had the second h ig h est, th i r d  h ighest and low est. The 
same procedure was followed fo r  those w ith th e  h ighest i n i t i a l  scores 
in  h i t t in g ,  e tc . )
Eighty college women, ranging in  age from 17 years 10 months 
to  29 years 5 months, volunteered to  serve as sub jects fo r  the  study. 
The experim ental period was ten  weeks in  duration  and took place 
during  the 1967-68 academic year a t L ouisiana S ta te  U n iversity .
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Each sub ject met p r iv a te ly  w ith the  in v e s tig a to r  on s ix  
d if fe re n t  occasions. At each meeting th e  sub jec t performed from th ree  
to  f iv e  t r i a l s  o f each gross motor ta sk  involving th e  basic  s k i l l s  of 
throwing, h i t t in g ,  and kicking fo r  speed and accuracy. A ll th re e  task s 
involved h i t t in g  a w all ta rg e t  a pre-determ ined number of tim es. The 
score fo r  each t r i a l  consisted  of th e  time i t  took the  sub ject to  h i t  
th e  ta rg e t  th a t  number o f tim es.
For each o f th e  e igh ty  su b je c ts , tw enty-five  scores fo r  each 
ta sk  were c o lle c te d . Pearson product-moment c o rre la tio n s  were computed 
among the  th ree  ta sk s  fo r  th e  f i r s t  and each successive odd-numbered 
t r i a l  to  determine whether th e re  was some fa c to r  o r fa c to rs  common to 
a l l  th re e  ta sk s  and whether th is  re la tio n sh ip  changed as p ra c tic e  
increased . This same procedure was a lso  used to  analyze the  scores 
o f fo u r a b i l i ty  groups in  each ta sk . C urv ilinear reg ress ion  an a ly sis  
was employed to  determ ine the  best f i t t i n g  curves to  describe  
performance tren d s  in  each ta sk  fo r  the t o t a l  group of su b je c ts , as 
w ell as th e  a b i l i ty  groups. A m u ltip le  reg ress io n  an a ly sis  was a lso  
made to  determine th e  ex ten t to  which a l l  fa c to r s ,  p ra c tic e  and the  
o th e r two ta s k s , accounted fo r  variance in  th e  performance of each task .
I I .  SUMMARY OF FINDINGS
The find ings of th e  in v e s tig a tio n  can be summarized as follow s:
1. A fter tw en ty -five  t r i a l s  o f th ree  gross motor ta sk s  involving 
the  b asic  s k i l l s  of throw ing, h i t t in g ,  and kicking fo r 
speed and accuracy, s ig n if ic a n t  but low c o rre la tio n s  were
found to  e x is t  among a l l  o f th e  th re e  ta s k s .
There was a r a d ic a l  change in  th e  n a tu re  of th e  c o rre la tio n  
c o e ff ic ie n ts  among a l l  th re e  ta sk s  as p ra c tic e  of the  
ta sk s  continued. The c o rre la t io n  c o e f f ic ie n ts  fo r  
throwing and k ick in g , and fo r  h i t t in g  and k ick ing  
revealed  a p a tte rn  which in d ic a te d  l i t t l e  re la tio n sh ip  
between th e  ta sk s  during th e  f i r s t  h a lf  o f th e  p ra c tic e  
p e rio d , w ith a change toward a h igher re la tio n s h ip  in  th e  
l a s t  h a lf .  The re la tio n sh ip  between throwing and h i t t in g  
remained f a i r l y  c o n s is te n t throughout the  p ra c tic e  p e rio d .
The p a tte rn  o f c o rre la tio n  c o e f f ic ie n ts  among th e  th ree  
ta sk s  in d ica ted  a genera l tendency toward a decreasing 
re la tio n sh ip  w ith p ra c tic e  fo r  su b jec ts  of high a b i l i ty  
and an in creas in g  re la tio n s h ip  fo r  su b jec ts  o f low 
a b i l i ty .
Regression an a ly s is  o f th e  d a ta  re s u lte d  in  performance
curves which in d ic a te d  th a t  su b jec ts  w ith d if fe r in g  le v e ls  
o f i n i t i a l  a b i l i ty  in  each ta sk  d id  ex h ib it d if fe re n t 
a c q u is itio n  p a tte rn s . Subjects who were in  th e  h ighest 
and lowest groups according to  i n i t i a l  a b i l i ty  in throwing 
showed th e  most c o n s is te n t p ro g ress , w hile th e  two middle 
groups were more e r r a t i c .  In h i t t i n g ,  su b jec ts  who were 
in  th e  two h ig h est groups according to  i n i t i a l  a b i l i ty  
were more co n s is ten t and su b jec ts  in  th e  two low groups
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showed spasmodic p ro g ress . In k ick in g , most of th e  
su b jec ts  showed steady p rogress from one t r i a l  to  ano ther. 
5- The su b jec ts  who were good in  one ta s k  tended to  make steady 
and co n s is ten t progress in  th e  o th e r  two ta s k s .  P e rfo r­
mance curves f o r  su b jec ts  c la s s i f ie d  as poor perform ers 
in  one ta sk  revealed  th a t  they  appeared to  acquire  the 
o th er s k i l l s  w ith some d i f f i c u l ty .
6. M ultip le  reg ress ion  a n a ly s is  of th e  d a ta  in d ica ted  th a t
p ra c tic in g  th e  o th e r two ta sk s  co n trib u ted  to  th e  variance 
in performance o f th e  th i r d  ta s k .
I I I .  DISCUSSION OF FINDINGS
In te rc o rre la t io n s  Among Tasks
The usual approach to  the  id e n t i f ic a t io n  of th e  na tu re  o f 
a b i l i t i e s  i s  to  make use o f the  s t a t i s t i c a l  concept o f c o rre la t io n . 
Performance scores fo r  a group of in d iv id u a ls  a re  obtained  on a 
v a r ie ty  o f  ta s k s ,  and i t  i s  to  be expected th a t  these  in d iv id u a ls  w ill  
d i f f e r  in  th e  scores they  achieve on each ta s k . W hat.the c o rre la tio n  
technique serves to  answer i s  how a s u b je c t 's  r e la t iv e  rank in  one 
ta sk  i s  re la te d  to  h is  r e la t iv e  rank in  th e  o th e r  ta s k s . I f  th e  
re la tio n s h ip  i s  p e rfe c t and every sub jec t has th e  same rank on a l l  
ta s k s , then  knowledge of h is  score on one ta s k  would allow  p re d ic tio n  
of h is  performance on th e  o th e r  ta s k ,  and would in d ic a te  th e  ex is tance  
of a genera l a b i l i ty  o r a b i l i t i e s .  I f  th e re  i s  no re la t io n s h ip , on th e
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o th er hand, i t  would be obvious th a t  each ta s k  requ ired  a b i l i t i e s  th a t  
were sp e c if ic  only to  th a t  ta s k .
As i s  u su a lly  th e  case , c o rre la tio n s  among th e  th re e  gross motor 
ta sk s  in  th e  p resen t study were not a t  e i th e r  o f th ese  extremes. At 
the  end o f tw en ty -fiv e  t r i a l s  o f each ta s k , th e  c o rre la tio n s  between 
throwing and h i t t i n g ,  throwing and k ick in g , a n d .h it t in g  and k ick ing  
were a l l  s t a t i s t i c a l l y  s ig n if ic a n t .  However, th ese  c o e f f ic ie n ts  o f 
.25, *30, and .31 , re sp e c tiv e ly , were r e la t iv e ly  low and not o f much 
p red ic tiv e  va lue . I t  should be noted th a t  although th e  c o rre la tio n s  
were not h igh , th ey  were s ig n if ic a n t  and th e re fo re  .do in d ic a te  some 
re la tio n sh ip  between th e  ta s k s .
Of p a r t ic u la r  in te r e s t  i s  th e  change in  c o e f f ic ie n ts  which 
took p lace as p ra c tic e  of th e  ta sk s  in creased . In th e  case of a l l  
th ree  s e ts  o f ta s k s ,  th e  pe riod  s ta r t in g  w ith approxim ately the  
seventh t r i a l  and going through T r ia l  19 was ch a rac te rize d  by very  
low and in  some cases negative  c o e f f ic ie n ts .  S ta r tin g  w ith T r ia l  21 
and continu ing  through T r ia l  25, th e  c o e f f ic ie n ts  became h igher.
This tren d  would tend  to  support th e  theory  th a t  d i f f e re n t  a b i l i t i e s  
are req u ired  a t  d i f f e re n t  s tages during  th e  a c q u is i t io n  o f a gross 
motor s k i l l .
While th e  r e s u l ts  o f t h i s  in v e s tig a tio n  do not reso lve  th e  
question o f whether a b i l i t i e s  become more g en era l as p ra c tic e  
increases o r become more sp e c if ic  to  th e  ta s k ,  they  ten d  to  suggest 
more g e n e ra li ty . In th e  case  of throwing and k ick ing , th e  p a tte rn  
very d e f in i te ly  in d ic a te s  t h a t  th e  a b i l i t i e s  become more genera l. The
c o e ff ic ie n t o f c o rre la tio n  between th ese  two ta sk s  on the  f i r s t  t r i a l  
ind ica ted  almost no re la tio n sh ip , but by th e  end of th e  p ra c tic e  
period  the  re la tio n sh ip  had increased considerab ly .
Except fo r  the c o e ff ic ie n t on T r ia l  1 , th e  same p a tte rn  was 
tru e  fo r  h i t t in g  and k ick in g . The c o rre la tio n  c o e ff ic ie n ts  fo r  
throwing and h i t t in g ,  however, s ta r te d  o ff  s t a t i s t i c a l l y  s ig n if ic a n t  
and remained th a t  way through T r ia l  5* The re la tio n sh ip  did  lessen  
during th e  middle of th e  p ra c tic e  period  and then  increased  again  fo r  
T r ia ls  23-25.
A comprehensive a n a ly s is  of th e  causes fo r  the  v a r ia tio n  in  
re la tio n sh ip  between ta s k s  a t  d if fe re n t s tages of p ra c tic e  i s  not 
p o ss ib le , since  the design of th i s  study d id  not provide th e  necessary 
d a ta . The in v e s tig a to r  f e l t ,  however, th a t  knowledge o f th e  change 
which does tak e  place in  th e  re la tio n sh ip  provides an im portant key 
fo r  unlocking fu tu re  doors leading to  th e  m ysteries o f motor 
lea rn in g . When a group o f  people perform only th ree  t r i a l s  each of 
two gross motor tasks and the  c o rre la tio n  between th e  performances is  
extremely low, th e  conclusion drawn would be th a t  th e re  i s  no 
re la tio n sh ip  between th e se  two ta s k s . Based on th e  inform ation 
obtained in  th e  present study, th i s  could be a g ro ss ly  m isrepresented 
conclusion. I t  is  tru e  th a t  based on th re e  performances o f th e  ta sk s  
th e re  i s  no re la tio n sh ip , but i t  does not i r re fu ta b ly  negate th e  
existence o f  common fa c to rs  in  the  two ta s k s ;  and here in  l i e s  th e  
crux of the  m atte r. In  th e  p resen t study th e  c o rre la tio n  c o e ff ic ie n ts
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did  not appear to  be s ta b il iz in g  even a f t e r  tw enty-five  t r i a l s  o f each 
ta s k . This would tend to  suggest th a t  conclusions about th e  na tu re  of 
a b i l i t i e s  which are  based only on th e  c o rre la t io n  between two task s  
should be made w ith cau tion . I f  th e  s p e c if ic i ty  o r g e n e ra lity  issue  
i s  to  be reso lved , i t  remains to  be determined what fa c to rs  are  being 
measured a t  various le v e ls  o f s k i l l  in  gross motor ta sk s .
Although i t  i s  not c o n s is ten t throughout, th e re  i s  a tendency 
fo r  the  in te rc o rre la t io n s  among ta sk s  fo r  su b jec ts  in  th e  h ighest and 
second h ighest groups, c la s s if ie d  according to  i n i t i a l  a b i l i ty ,  to  
get more sp e c if ic  with p ra c tic e  and those  fo r  the two lowest groups 
to  get more general. For example, some of th e  h ighest c o e ff ic ie n ts  
fo r  th e  b e t te r  perform ers occurred on T r ia l  15, and in  almost a l l  
cases th e  c o e ff ic ie n ts  dropped during th e  l a s t  ten  t r i a l s .  For th e  
poorer perform ers ju s t  the  reverse  was t r u e .  This could be an 
in d ic a tio n  th a t  th e  fa c to rs  co n trib u tin g  to  performance in  the  l a t e r  
stages of p ra c tic e  are  more sp e c if ic  to  th e  ta s k  and th a t  t h i s  e ffe c t 
i s  not re f le c te d  in  r e s u l ts  o f th e  lower a b i l i ty  groups because they 
have s t i l l  not reached capacity  performance.
Performance Curves
Because o f th e  cond itions under which th e  data were c o lle c te d , 
the  in v e s tig a to r  had a ra th e r  unique opportun ity  to  observe the  
progress o f  in d iv id u a ls  in  th e  a c q u is itio n  of motor s k i l l s .  In a 
normal physica l education c la ss  s i tu a t io n  th e re  are from twenty to  
f i f t y  s tu d en ts , and th e  in s tru c to r  r a re ly  has a chance to  observe an
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in d iv id u a l student constan tly  fo r  any lengthy period o f tim e. In  th is  
in v e s tig a tio n  the  author was fo rtu n a te  in  being ab le  to  watch eigh ty  
in d iv id u a ls , sep a ra te ly , as they  progressed through tw enty-five  t r i a l s  
of th ree  gross motor ta s k s . I t  was f e l t  th a t  some o f th e  in v es tig a ­
t o r 's  observations would be of in te r e s t  and might a lso  be h e lp fu l in 
in te rp re tin g  the  d a ta  ob tained .
Of th e  th ree  ta s k s , throwing was th e  one with which a l l  o f the  
su b jec ts  seemed most fa m ilia r  and which appeared to  e l i c i t  th e  le a s t  
amount of change in  th e  n a tu re  of a tta c k  from th e  beginning to  the  
end of th e  period . An examination o f the  reg re ss io n  curves fo r  the 
d if fe re n t  a b i l i ty  groups in  throwing shows th a t  those sub jec ts  who had 
th e  h ighest scores on the  f i r s t  f iv e  t r i a l s  m aintained a very 
c o n s is te n t performance throughout th e  period , w ith ju s t  a s l ig h t  drop 
in  p ro fic ien cy  a f t e r  the  f i r s t  f iv e  t r i a l s  and then a s l ig h t ,  gradual 
improvement over th e  l a s t  te n  t r i a l s .  In observing th ese  in d iv id u a ls , 
i t  appeared th a t t h e i r  i n i t i a l  approach to  th e  ta sk  was one which 
included both speed and accuracy. There was a b r ie f  tim e in th e  early  
t r i a l s  when they experimented w ith d if fe re n t methods of holding the  
b a l l ,  o r with varying the  fo rce  w ith which th e  b a l l  was thrown. Then 
they  appeared to  s e t t l e  on a .procedure fo r  accomplishing the ta sk  and 
stuck w ith i t  the  remainder of th e  tim e. ■ Many of th e  sub jec ts  who were 
good throw ers remarked, and i t  was a lso  obvious in  watching th e i r  
performance, th a t  they  reached a l im it  w ell befo re  th e  end of th e  
period where they were unable to  consciously a f fe c t  any re a l  improvement
in  th e i r  perform ance. This could have been a r e s u l t  o f l im ita tio n s  
imposed by th e  task  i t s e l f ,  o r i t  i s  p o ss ib le  th a t  ways toward fu r th e r  
progress were beyond t h e i r  comprehension w ithout o u tsid e  in s tru c tio n  
o r  suggestions. By c o n tra s t ,  th e  su b jec ts  who had th e  lowest scores 
on th e  f i r s t  f iv e  t r i a l s  in  throwing seemed to  concen tra te  upon th e  
accuracy element of th e  ta sk  in  th e  i n i t i a l  s ta g es  o f p ra c t ic e . These 
peop le , in  th e  e a r ly  p a r t  of the  p ra c tic e  p e rio d , consumed a large  
p a r t  o f th e i r  o v e ra ll  tim e per t r i a l  in  such th in g s  as p o sitio n in g  
t h e i r  bodies in  r e la t io n  to  th e  t a r g e t ,  in  p o s itio n in g  th e  b a l l ,  and 
in  very d e lib e ra te  movements designed to  in crease  accuracy. The 
p a tte rn  o f th e  b e t te r  perform ers i n i t i a l l y  a tta c k in g  th e  speed element 
and th e  poorer ones concen tra ting  on accuracy was observed in  the 
performance on a l l  th re e  ta sk s .
The su b je c ts  who were in th e  two middle groups, c la s s if ie d  
according to  i n i t i a l  a b i l i t y  in throw ing, had reg re ss io n  curves th a t  
were ch a rac te rized  by f lu c tu a tio n s  during th e  p ra c tic e  period . In 
watching th e  progress o f  these  s u b je c ts , i t  appeared th a t  they tended 
to  do more experim entation  in  methods of a tta c k  than  th e  high and low 
groups.
O bservation o f th e  su b jec ts  in  th e i r  approach to  th e  h i t t in g  
ta s k  led  th e  in v e s tig a to r  to  conclude th a t t h i s  was th e  most complex 
o f th e  th re e  ta s k s . A ll sub jec ts  approached i t  i n i t i a l l y  with a 
degree o f u n fa m ilia r ity , and more changes in  methods o f performance by 
a l l  sub jec ts  took p lace during th e  tw en ty -five  t r i a l s  than  in  the  o th e r  
two ta s k s .
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The reg ression  curves for th e  four a b i l i ty  groups in  h i t t in g  
revealed  a s im ila r ity  between the b e t te r  perform ers, which was 
rep resen ted  by a s l ig h t ,  but steady improvement in  scores as p ra c tic e  
continued. The poorer perform ers, on the o th er hand, evidenced a 
more e r r a t ic  p a tte rn  o f performance. This was d if fe re n t  from the 
r e s u l ts  in  throwing, which showed th e  extreme groups having steady 
progress and th e  middle groups being more e r r a t i c .
As a general observation  concerning th e  d iffe ren c e s  in 
throwing and h i t t in g  performance, th e  in v e s tig a to r  f e l t  th a t  a l l  
su b jec ts  exh ib ited  th e  a b i l i ty  to  throw a b a l l ,  and th e  v a ria tio n  
in  i n i t i a l  scores was due to the f a c t  th a t some sub jects were b e t te r  
ab le  to  adapt th i s  knowledge to th e  p a r t ic u la r  throwing s itu a tio n  in  
th e  experiment. In th e  case of h i t t i n g ,  however, th ere  was d e f in i te ly  
a lack of a b i l i ty  fo r many subjects to  simply h i t  a b a l l  w ith a 
paddle and th e re  was, th e re fo re , a  much sharper d is t in c tio n  between 
a b i l i ty  le v e ls .
Observation of th e  progress made by th e  sub jec ts  in  the kicking 
ta s k  indicated , th a t  t h i s  s itu a tio n  was somewhat d if fe re n t  from the 
o th e r  two ta s k s . I t  appeared to  be the  le a s t  complex of th e  th ree  
ta sk s  and did not seem to  pose a r e a l  problem fo r  the  vast m ajority  
o f  su b jec ts , in  the  re sp ec t th a t th ey  consumed an extrem ely large  
amount of tim e in  completing a t r i a l .  There was, however, an in te r e s t ­
ing d iffe ren ce  in  the i n i t i a l  approach to  the  task  used by sub jec ts 
o f  d if fe re n t a b i l i ty  and i t  appeared th a t th i s  d iffe ren ce  might have 
been caused in  p a rt by th e  task  i t s e l f .  On th e  f i r s t  meeting with
each su b jec t, f o r  example, th e  o rd er o f perform ing the  ta s k s  was 
throw ing f i r s t ,  then  h i t t in g ,  and th en  k ick in g . Some o f th e  su b jec ts  
evidenced r e a l  d i f f i c u l ty  w ith th e  throwing and h i t t i n g ,  but when they  
got to  the  k ick in g  ta sk  they  scored r e la t iv e ly  much b e t t e r .  The 
manner in  which they  performed th e  k ick ing  ta s k ,  however, was not 
n e c e ssa r ily  one which in d ica ted  a b e t t e r  degree o f s k i l l .  The ta rg e t  
fo r  k ick ing  was loca ted  ju s t  o ff th e  f lo o r  and th e  b a l l  was p laced on 
th e  f lo o r  d i r e c t ly  in  l in e  with th e  ta r g e t .  These su b je c ts  would ju s t  
b a re ly  give impetus to  th e  b a l l  w ith the  foo t and although i t  tra v e le d  
slow ly , they were able to  h i t  th e  ta r g e t  c o n s is te n tly , by c o n tra s t , 
su b je c ts  who performed w ell on throw ing and h i t t in g  on th a t  f i r s t  
m eeting appeared to  have r e la t iv e ly  more d i f f ic u l ty  when they  got to  
th e  kicking ta s k .  T heir approach to  the  k ick ing  ta s k  was to  k ick  th e  
b a l l  hard and f a s t  and they  did n o t score w ell because they  could not 
h i t  th e  ta rg e t  c o n s is te n tly . This p a tte rn  i s  c o n s is te n t w ith th e  
p rev iously  made observation  th a t  th e  b e t te r  perform ers approached 
each ta sk  from th e  speed angle and th e  poorer ones from th e  accuracy 
a n g le . I t  d id  appear, however, th a t  some o th e r  element was involved. 
There is  the  p o s s ib i l i ty  th a t  th e  lo c a tio n  o f th e  ta rg e t  in  k icking  
m ight have provided more o f  an element o f luck than  was p resen t in  
th e  o th e r two ta s k s .
The reg re ss io n  curves fo r  th e  d if fe re n t  a b i l i t y  groups in  
k ick in g  show th a t  only those  su b je c ts  who had th e  th i r d  h ighest 
i n i t i a l  scores experienced sev era l adjustm ent s ta g es . A ll o th er groups 
rev ea led  performance p a tte rn s  which in d ic a te d  steady in c reases  in
1 0 2
pro fic iency  from t r i a l  to  t r i a l ,  w ith  th e  amount o f increase  being 
in v erse ly  p ro p o rtio n a l to  the  a b i l i ty  le v e l o f the  group.
The previous d iscussion  about the  performance curves in  each 
ta sk  concerned su b jec ts  who were in  d if fe re n t  a b i l i ty  groups w ithin 
each ta s k . I t  was a lso  of in te r e s t  to  study the  progress of su b jec ts , 
ra ted  as to  a b i l i ty  in  one ta sk , in  the  a cq u is itio n  of the  o th er two 
ta s k s . The performance curves which re su lte d  from t h i s  an a ly sis  
in d ic a te , g en era lly , th a t  sub jec ts  who were good perform ers in  each 
task  exh ib ited  a steady and c o n s is ten t p rogress in acquiring  the  
o th er two s k i l l s .  The sub jec ts in  the  lowest a b i l i ty  groups fo r  each 
task  evidenced more of a spasmodic a c q u is itio n  p a tte rn . This would 
tend to  suggest th a t  perhaps th e re  i s  some b a s is  fo r  th e  b e l ie f  th a t 
people who are p ro f ic ie n t  in  one ta sk  w il l  lea rn  o th e r  ta sk s  more 
e a s ily  than those who are  no t.
M ultiple Regression Analysis
One of the  conclusions which has been advanced by s p e c if ic i ty  
th e o r is ts  i s  th a t  p ra c tic e  of a p a r t ic u la r  motor s k i l l  w il l  re s u l t  
in  improvement in th a t  p a r t ic u la r  s k i l l ,  but a b i l i ty  to  p ro f i t  from 
p ra c tic e  i s  sp e c if ic  to  th a t  s k i l l .  A m ultip le  reg ression  an a ly sis  
o f performance in  th ree  d if fe re n t  ta sk s  revealed th a t  s t a t i s t i c a l l y  
s ig n if ic a n t co n trib u tio n s to  variance in  performance on each task  was 
accounted fo r  by p ra c tic e  o f the  o th e r two ta s k s . In  the  case o f 
throwing performance, th e  v a ria b le  which accounted fo r  the  la rg e s t 
amount of variance was th e  e f fe c t  o f  h i t t in g  p ra c tic e . Again, th i s
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suggests th a t  a b i l i ty  to  p r o f i t  by more p ra c tic e  in  a ta sk  th a t  has 
some common elements such as p ro jec tin g  a b a l l  ag a in st a ta rg e t ,  o r 
th a t  a b i l i ty  in  percep tion , eye-hand and eye-foot coord ination , 
tim ing , e tc .  is  general in  n a tu re .
IV. CONCLUSIONS
Based on th e  find ings and w ith in  th e  l im ita tio n s  of th i s  study, 
th e  follow ing conclusions seem ju s t i f i e d :
1. There i s  a re la tio n sh ip  between a b i l i t i e s  underlying
performance of th re e  gross motor s k i l l s  involving 
throwing, h i t t in g  and kicking  fo r  speed and accuracy.
2. The re la tio n sh ip s  among th e  a b i l i t i e s  involved in  performing
these  s k i l l s  do change as a r e s u l t  o f continued p ra c tic e  
of the  s k i l l s .  There i s  a general tendency fo r  g en e ra lity  
to  increase  as p ra c tic e  in c reases .
3. Ind iv idua ls  with d if fe r in g  le v e ls  o f i n i t i a l  a b i l i ty  exh ib it
varying p a tte rn s  in  th e  a c q u is itio n  of motor s k i l l s .
There i s  a consistency in  th e  p a tte rn  on a l l  th ree  ta sk s  
fo r  in d iv id u a ls  ra tin g  h ighest and lowest on i n i t i a l  
a b i l i ty  in .each  ta s k , but ind iv idua ls in  th e  middle a b i l i ty  
groups do not ex h ib it the same consistency  o f p a tte rn .
4. When two or more motor ta sk s  are  being p rac tic ed  a t  the  same
tim e, th e re  apparen tly  i s  a carry -over e f f e c t ,  perhaps in  
techniques, in  which th e re  i s  improvement in  one task  as 
a r e s u l t  o f p ra c tic in g  in  another.
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APPENDIX A
REGRESSION ANALYSIS FOR PERFORMANCE OF EIGHTY COLLEGE WOMEN 
ON THREE GROSS MOTOR TASKS
Task R2 L inear
p
Q uadratic Cubic
Throwing
Step 1 6.23 12.55 3.30 1.43
Step 2 . 6.17 41.66 15.94
Step 3 5.42 114.42
H ittin g -
Step 1 10.38 44.63 22.24 16.31
Step 2 9.65 60.26 20.82
Step 3 8.71 190.60
Kicking
Step 1 7.92 16.99 4.56 1.98
Step 2 7.83 55.79 21.97
Step 3 6.82 146.14
Regression Equation
Throwing: Y = 64.946 -  1.54X + .03559%2
H ittin g : Y = 66.72 -  5-41X + .338X2 -  .007X3
Kicking: Y = 43.35 -  1.627K + .0381X2
109
APPENDIX B
REGRESSION ANALYSIS FOR FOUR GROUPS OF COLLEGE WOMEN CLASSIFIED'
ACCORDING TO INITIAL ABILITY IN THROWING (N=60)
p  —  ■— « l ,  ■  Ml —  H P^l     ■■ - ...........................
Group_______________________________R L inear Quadratic Cubic
Step 1 1.91 2.08 2.01 1.49
Step 2 1.52 .678 1.80
Step 3 1.34 5.07
I I
Step 1 5.23 .159 .229 .739
Step 2 5.19 13.91 10.64
Step 3 2.47 9.46
I I I
Step 1 13.77 5-54 1.28 .439
Step 2 13.66 21.30 9.04
Step 3 11.56 48.77
IV
Step 1 13.38 6.84 3*36 2.84
Step 2 12.72 7.78 1.15
Step 3 12.45 53.03
Regression Equation
Group I :  Y = 41.7 -  .00603X2
Group I I :  Y = 54-0 -  .07497X2 + .00269x3
Group I I I :  Y = 66.30 -  1.8820X + .04579X2
Group 17: Y = 77*49 -  1.0118X
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APPENDIX C
REGRESSION MALYSIS FOR FOUR GROUPS OF COLLEGE WOMEN CLASSIFIED
ACCORDING TO INITIAL ABILITY IN HITTING (N=60)
Group R2
F
L inear Quadratic Cubic
I_
Step 1 5.37 .012 .033 .008
Step 2 5.36 .250 .373
Step 3 5.30 20.87
I I
Step 1 8.76 2.95 1.37 1.25
Step 2 8.45 3.28 .172
Step 3 8.41 34.32
I I I
Step 1 15.25 12.52 5.41 3 .37
Step 2 14.48 23.55 10.25
Step 3 12.12 51.45
IV
Step 1 20.94 24.31 13.86 10.88
Step 2 18.62 24.06 8.32
Step 3 16.80 75.34
R egression Equation
Group I :  Y = 30.98 -  .01553X2
Group I I :  Y = 40.80 -  .6l628X
Group I l l s  Y = 58.91 -  2.70X + .06647X2
Group IV: Y = 104.21 -  10.86X + . 725X2 -  .OI63X3
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APPENDIX D
REGRESSION MALYSIS FOR FOUR GROUPS OF COLLEGE WOMEN CLASSIFIED
ACCORDING TO INITIAL ABILITY IN KICKING (N=60)
Group R2 L inear
F
Quadratic Cubic
1_
Step 1 4.68 .054 .056 .086
Step 2 4.67 3-99 1.83
Step 3 4.20
4
16.35
I I
Step 1 3.55 .252 • 0 H .050
Step 2 3.54 1.71 .020
Step 3 3.53 13.67
I I I
Step 1 11.28 13.54 9.66 8.95
Step 2 9.14 5.68 .924
Step 3 8.92 36.51
IV
Step 1 21.29 9.22 1.21 .031
Step 2 21.29 58.1? 34.09
Step 3 14.08 6 l . io
Regression Equation
Group I :  Y = 22.06 -  .0075X2
Group I I :  Y = 31.59 -  .3207X
Group I I I :  Y = 45.50 -  3.547X + .265X2 -  .0065X^
Group IV: Y = 49-42 -  .8939X
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APPENDIX E
REGRESSION ANALYSIS OF HITTING AND KICKING SCORES FOR SUBJECTS CLASSIFIED
ACCORDING TO INITIAL ABILITY IN THROWING (N=15 per group)
GROUP STEP R2
HITTING KICKING
F F
Linear 1Quadratic Cubic R2 Linear Quadratic Cubic
I 1 7.90 9.44 6.56 5.92 5.79 .329 .044 .237
2 6.43 4.65 .989 5.78 11.21 3.08
3 6.18 24.57 4.99 19.61
I I 1 10.27 7.88 3-35 2.06 10.08 11.82 6.99 5.51
2 9-77 15-31 6.75 8.75 11.09 4-17
3 8.13 33.01 7.72 31.22
I I I 1 9.31 2.13 .353 .10916.45 8.22 1.93 .556
2 9.29 9.39 2.85 16.32 33-31 16.79
3 8.59 35.05 12.54 53.50
IV 1 10.37 9.21 5.34 4.42 8.69 2.69 .416 .060
2 9.30 8.24 2.17 8.68 14.08 6.42
_ ..8.77 . 35.88 . . 7.10 28.52
Regression Equation 
Group I :  (H ittin g ) 
(Kicking) 
Group I I :  (H ittin g ) 
(Kicking) 
Group I I I :  (H ittin g ) 
(Kicking) 
Group IV: (H itting ) 
(Kicking)
Y = 60.4 -  5.59X + .413X2 -  .0099X3
Y = 35.34 -  -47X
Y = 53-92 -  2 . 22X + .055X2
Y = 43.85 -  3-516X + .239X2 -  .0054X3
Y = 52.59 -  .963X
Y = 55.36 -  3.25X + .086X2
Y = 75.98 -  6.30X + .424X2 -  .0098x3
Y = 51.01 -  2 . 36X + .0595X2
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APPENDIX F
REGRESSION ANALYSIS OF THROWING AND KICKING SCORES FOR SUBJECTS CLASSIFIED
ACCORDING TO INITIAL ABILITY IN HITTING (N=15 per group)
GROUP STEP R2
THROWING KICKING
F F
Linear Quadratic Cubic r2 Linear Quadratic Cubic
I 1 8.65 2.07 .509 .292 8.95 5.75 2.30 1.39
2 8.58 6.19 1.27 8.61 11.97 4.86
3 8.26 33.60 7.42 29.89
I I 1 4.21 .124 .522 .498 9.55 • 419 .129 .491
2 4.18 2.67 1.01 9.52 18.42 4.74
3 3.92 15.20 8.37 34.07
I I I 1 7.19 3-59 1.07 .468 6.68 1.18 .146 .032
2 7.07 11.20 5.09 6.67 5.98 I .64
3 5.80 22.97 6.26 24.92
IV 1 10.17 13.24 7.02 4.76 16.73 22.54 12.53 9.09
2 9.02 18.23 9.65 14.69 26.26 12.24
3 6.66 26.60 11.88 50.29
Regression Equation
Group I :  (Throwing) Y = 54.67 -  .559X
(Kicking) Y = 41.21 -  I . 63X + .388X2
Group I I :  (Throwing) Y = 52.72 -  .0158X2
(Kicking) Y = 36.09 -  .900X + .0007x3
Group I I I :  (Throwing) Y = 65.74 -  1.70X + .0429X2
(Kicking) Y = 41.95 -  .751X
Group IV: (Throwing) Y = 89-92 -  6.685X + .4307X2
(Kicking) Y = 58.27 -  6.135X + .405X2 -  .0087X-3
APPENDIX G
REGRESSION ANALYSIS OF THROWING AND HITTING SCORES FOR SUBJECTS CLASSIFIED
ACCORDING TO INITIAL ABILITY IN KICKING (N=15 per group)
GROUP STEP R2
THROWING
R2
HITTING
F F
Linear Quadratic Cubic Linear Quadratic Cubic
I 1 11.00 1.15 .061 .006 10.39 8.51 4.53 3.53
2 10.99 7.06 1.17 9.53 9.65 2.92
10.71 44.76 8.82 36.10
I I 1 6.24 1.45 .411 .280 13.36 16.71 9*40 6.97
2 6.17 3.60 .553 11.73 18.62 8.16
3 6.03 23.94 9.79 40.50
I I I 1 10.15 9.02 3 . so 2.16 8.72 8.59 5.34 4.57
2 9.63 18.86 9.74 7.59 6.30 1.57
3 7.26 29.21 7.20 28.96
IV 1 4.24 1.01 .07 .004 8.83 11.29 6.70 5.17
2 4.24 8.02 4.20 7.56 10.92 4.61
3 3.16 12.17 6.41 25.56
Regression Equation
Group I :  (Throwing) Y = 53*69
(H itting) Y = 43*02
Group I I :  (Throwing) Y = 63*07
(H itting) Y =  68.03
Group I I I :  (Throwing) Y = 69*08
(H itting ) Y = 57*99
Group IV: (Throwing) Y = 68.18
(H itting) Y = 83*23
•  564X 
.703X 
.691X
6. 95X + . 461X2 -  .01x 3 
2. 22X + .0595X2 
4.556X + . 3 1 8 X -  .0074XJ 
1.688X + .0456X2 
7. 672X + . 523X2 -  .0116X3
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